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Abstract 
This research programme is concerned with the synthetic studies of 
.. 
enantiomerically pure zoapatanol from D-glucose involving an intramolecular [3+2] 
nitrone or nitrile oxide cycloaddition to fonn the oxepane moiety in zoapatanol. 
Chapter 1 briefly reviews the structure and biological activity of 1 and 
summarises the pervious work carried out by other authors on the synthesis of 1. A 
review on the intramolecular 1,3-dipolar cycloadditions of both nitrones and nitrile 
oxides and examples of these 1 ,3-dipolar cycloadditions as key steps in natural product 
synthesis are also given. 
Construction of 6- and 7-membered heterocycles via 1,3-dipolar intramolecular 
cycloaddition of nitrones or nitrile oxides are described in Chapter 2. The structure and 
stereochemistry of the cycloadducts were assigned by spectroscopic studies. It was 
demonstrated that both the nitrone and nitrile oxide cycloaddition could afford the 
;:-'foxepane,-,moiety •. · . ·~be " N-,O" " b0nd ,of · · a , · 7-'membered 'bicyclo-isoxazoHne 'fonned 'by 
nitrile oxide cycloaddition was cleaved to give an Cl,p-unsaturated keto-ester 92. The 
spectral data showed that 92 had the desired oxepane moiety which can be used in the 
synthesis of 1. 
Chapter 3 contains experimehtal detail of the work described in Chapter 2. 
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-1.1 Review on the published syntheses of zoapatanol 
Zoapatanoll is a novel biologically active diterpenoid which has been isolated 
from the zoapade plant, Montanoa tomentosa. 1-3 Tea prepared from the leaves of the 
zoapatle plant has long been used in Mexico to induce menses and labour and to 
tenninate early pregnancy.3 In fact, leaves of the plant are still sold today in the 
markets of Mexico city. 1 
Zoapatanol resembles prostaglandins in its anti-fertility effects but it was less 
active than the prostaglandin endoperoxide (PGH2) analogues.3 It terminates 
pregnancy in guinea pigs and has a significant spasmogenic effect on isolated cat 
coronary artery and guinea pig ileum.3 However, these substances do not appear to be 
",.,:·,acting··:at·tne",same.··,receptor ,;on:. ,this ,tissue·· as the . effects ·of the ·prostaglandins are 
antagonised by pinane thromboxane A2 while constriction induced by zoapatanol is 
only partially inhibited by thromboxane. This biological activity conjunction with its 
novel structure prompted the interest in the synthesis of zoapatanol. 3 
HO" I •• 
OH 
1 
Levine1 and his associates reported the isolation and structure elucidation of 
zoapatanol in 1979. The structure of 1 was confirmed by an X-ray analysis of a 3,8-
dioxabicyclo [3.2.1] octane derivative. 1 Retrosynthesis of 1 would lead to a 7-
membered heterocyclic oxepane ring and a monoterpenoid appendix. 
Five syntheses of 1 have been published,4-8 together with the syntheses of 
many analogues. The syntheis from Nicolaou et al. (16 steps, 12% overall yield),6 and 
1 
from Cookson et al. (17 steps, 5% overall yield)4 are the most efficient. However, 
these two syntheses rely on the formation of the substituted oxepane system by an acid-
catalysed ring opening of a suitable epoxide with an oxygen nucleophile. 
Disappointingly, all these syntheses only yielded racemic material. The synthetic 
sequence towards zoapatanol designed by Cookson4 is described below. Methods for 
the construction of the oxepane, devised by other authors, will also be highlighted. 
The total synthesis of zoapatanol by Cookson and Liverton in 1985 is chosen to be 
reported here.4 As in other approaches, the synthesis centred on an efficient 
construction of the oxepane ring with the desired substitution pattern. The formation of 
the ring was achieved by an acid catalysed cyclisation of an epoxy dial. 
C02tSu ~ - I a ~ b,c ; ~ ~ ~ 
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Scheme 1. Reagents and conditions: a) CH3CH2C02But, THF, HMPA, -78°C to 
room temp., 85%; b) LiAlH4, Et20, 94%; c) i) NaH, DMF 0 QC, ii) PhCH2Br, 0 °C 
to room temp, overall 85%; d) Me3Al, [Zr(cp)2]CI2, CICH2CH2CI, room temp.; 
e) i) BunLi, -78 to -30°C, ii) ethylene oxide, 2 steps overall 62%; f) MsCI, NEt3, 
CH2CI2; g) NaI, Me2CO, room temp, 2 steps overall 99%. 
The synthesis started from 5-iodopent-1-yne 2 as shown in Scheme 1. 
Alkylation of the enolate of t-butyl propionate with 2 in the presence of 0.5 equivalent 
of hexamethylphosphoramide (HMPA) gave the ester 3. The ester group in 3 was 
reduced with LAH followed .by benzylation, providing the benzyl ether 4. 
2 
Alumination of 4 with trimethylaluminium In the presence of 
bis( cyclopentadienyl)zirconium dichloride gave an intermediate vinyl alane which with 
butyllithium and ethylene oxide afforded the homoallylic alcohol S. The alcohol 5 was 
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Scheme 2. Reagents and conditions: a) i) LDA, ii) 2-triphenylphosphoranylidene-
butanedioate, PhC02H, PhMe, heat, 3 h, 64%; b) Dibal, PhMe, 97%; c) AcCI/NEt3, 
99%; d) MCPBA, CH2CI2, 94%; e) K2C03, MeOH, 97%; f) SnCI4, THF, room temp., 
10:11 (8:1) overall 86%. 
The anion of 2-triphenylphosphoranylidenebutanedioate was alkylated with 7 in 
Scheme 2 to afford the correspo~ding diester which with DIBAL reduction gave the 
desired diol 8. Diol 8 was epoxidised with MCPBA to give 9. Epoxide 9 was used in 
the cyclisation with stannic chloride to afford a 8:1 mixture of the desired oxepane 10 














Scheme 3. Reagent and conditions: a) Dimethyl-t-butylsilyltrifluoromethane-
sulphonate, 2,6-dimethylpyridne, CH2C12, 95%; b) Li, NH3, THF,-75 QC, 85%; 
c) PCC, A1203, CH2C12, room temp., 90%; d) AgN03, NaOH,MeOH, EtOH, 
· · · ,81%,; 'e) ·dimrtbylaUyl-,lithitl~ THF:,-Et20~ ·1'OOlIltemp., 54%; f) 25% HF\ MeCN, 
room temp., 80%. 
Now, only the side chain needed to be introduced to complete the synthesis. 
The hydroxy groups in 10 were protected as silyl ethers and this was followed by 
selective deprotection of the benzyl ether with lithium in ammonia to afford alcohol 12 
(Scheme 3). The alcohol 12 waS then oxidized in sequence to give the carboxylic 
acid 13. Addition of dimethylallyllithium to the acid 13 gave the desired a,~-
unsaturated ketone 14. Lastly; the hydroxy groups were regenerated by treatment 
with 25% hydrofluoric acid in acetonitrile to give 1 which was thus synthesised in 17 
steps with an overall yield 4.9%. 
The key step of this approach is the oxygen-carbon bond formation, leading to 
the heterocyclic ring. Other authors reported modifications of this strategy for the 
formation of the oxepane and they are listed below: 
4 
K. C. Nicolaou and co-workers6 
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small amount of its 6-membered 
nng Isomer 
The construction of the oxepane' ring was effected by an internal epoxide-
opening reaction. This was successfully realised with a high degree of regioselectivity 
by exposing the epoxide 15 to KCH2S0CH3 in Me2S0 at 25 QC to give the desired 
oxepane system 16 accompanied by a small amount of its 6-membered ring isomer. 




17·- .- 18 
(64%) 
OH 
A regio- and stereo-selective intramolecular cleavage of the epoxide 17 was 
favoured by the intramolecular ba~kside attack on the epoxide at the more substituted C-
7 position by the C-3 hydroxymethyl to give an oxepane moiety 18. The best results 
were obtained using stannic chloride in THF at 0-20 QC. Under these conditions, the 
oxepane 18 was obtained in 64% yield along with several minor products which were 
not identified .. 
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Cyclisation of the epoxide 19 with trifluoroacetic acid (0.1 equiv.) in methylene 
chloride at 0 °C for 30 min followed by treatment with pyridine and acetic anhydride 
afforded the desired oxepane 20 (30%) and the tetrahydropyran derivative 21 (17%) 
after column chromatography. 
Besides, Kane 7 used the Baeyer-Villiger oxidation of the ketone 22 to the 
desired lactone 23. 
OCH2Ph 




The lactone 23 was then converted into the allyl alcohol 24 in several steps . 
. The diol 24 was bisacetylated and the tetrahydropyran protecting group removed. The 
resultant alcohol was then oxidised with Collins reagent to give a ketone from which 
6 
the (±) zoapatanol 1 was obtained after the complete saponification of the acetate 
groups. 
The yields and the number of steps of these synthesis are listed below: 
a. R. Chen and co-workers 19805 ( 14 steps, 0.3% ) 
b. K. C. Nicolaou and co-workers 19806 (16 steps, 12%) 
c. V. V. Kane and co-workers 19807 (22 steps, 1.2%) 
d. P. Kocienski and co-workers 19898 (15 steps, 6.6%) 
1.2 Reviews on the construction of the oxepane rine 
From the syntheses described in the last section, it is easy to note that the 
construction of oxePane ring (7 -membered cyclic ether ring) play an important role in 
the synthesis of the zoapatanol. Medium- and large-sized cyclic ether molecules occur 
abundantly in nature. Thus marine toxins such as-brevetoxin B,9 yessotoxin10 and 
ciguatoxin 11 are well known examples of poly-cyclic _  etheJ compound. Moreover, 
from red algae of the Laurencia, a wide variety of cyclic halo-ethers such as 
isolaurepinnacin and laurepinnacin have been isolated. 12 As a consequence of the 
discovery of increasing numbers of medium- and large-sized cyclic ethers, especially 
from marine natural sources, and also because of their fascinating biological activity, 
considerable synthetic efforts are currently directed toward the development of new 
synthetic methods for the construction of these molecules. 13 
It is well known that it is difficult to fabricated large-ring compounds in good 
yields, particularly eight to eleven membered rings. 14 Ring closure reactions to form 
macrocycles are generally hindered for entropy reasons, but in the case of medium--
7 
sized rings enthalpy effects also come into play, especially Pitzer strain and 
transannular interactions. I5 There now exists a multitude of practical methods for 
accessing lactones, lactams, and carbocycles with various ring sizes.16 In contrast, it 
is only recently that there are considerable interest in the synthesis of cyclic ethers due 
to widespread occurrence particularly in marine natural products. Meanwhile, in 
designing a synthetic strategy towards this end, there are two major problems: (1) To 
construct a medium-sized ring efficiently (in this context, seven-membered); (2) To 
control the absolute and relative stereochemistry. In practice, these objectives are not 
only restricted to this class of compounds, but possess a widespread implication in the 
synthetic chemistry of natural products. Concerning the first problem, due to the 
unfavourable thermodynamic and conformational reasons frequently encountered in 
performing ring formation through acyclic molecules,17 the straightforward approach, 
e.g. ring closure via Williamson-type ether synthesis or dehydration of 1,6-diols, is not 
applicable except for conformationally reliable systems. 18 In this sense the 
development of conceptua11y new synthetic methodology that can be applied to the 
entire class of compounds is highly desirable. On the other hand, the second problem 
concerns the most exciting recent discoveries, and as a consequence, several modern 
techniques for stereoselective _  or enantioselective reaction have been devised. 19-20, 26, 
28-33 
Some synthetic methods have been published to deal with the two problems. 
Roughly, we can divide these ~ethods into two categories, 1.2.a. and 1.2.b., the 
cyclisation involving C-O bond formation and the cyclisation involving C-C bond 
formation. 
1.2.a. Cyclisation involving C-O bond formation 
1.2.a.i. Lewis acid mediated condensation of alkenol and 
aldehyde19 
. Acetal-initiated cyclisation reactions have been reported for the stereoselective 
preparation of oxygenated heterocycles in a single step. 
8 









___ .... x 
x = Cl for AICI3, 78% 
= Br for AlBr3, 65% 
Its mechanism was postulated as a cyclisation of the hemiacetal fonned by 
condensation of bishomoallyl alcohol 25 and aldehyde 26 mediated by the halogenated 
Lewis acid AlCl3 or AlBr3 (Scheme 4). The oxepane 27 was obtained in the all cis-
configuration which is the thennodynamically favoured one.20 
1.2.a.ii. Acetal-initiated cyclisation of vinylsiIane20 





Although cations derived from acetals have been employed for years to initiate 
cyclisations to fonn carbocyclic products,21 it is only recently that Kocienski,22 Itoh,23 
and others24 have demonstrated the utility of related cyclisation reactions for the 
synthesis of oxacyclic products. Vinylsilanes gave different unsaturated oxacycles 
with a good control of the double bond stereochemistry21 band (2-
methoxyethoxy)methyl (MEM) ether were also employed with a complete control of 
the stereochemistry of the substituents.25 In the above example, the E-3-
alkylideneoxepane was obtained in 57% yield, it was particularly significant since it 
supported the potential viability of an oxacyclization approach for the syntheses of 
natural products. 
9 










Stereo- and ring-selective cyclisations of epoxide 28 under acidic or basic 
conditions would gain access to oxepane 29 (7-endo ring closure) or tetrahydropyran 
30 (6-exo ring closure). Actually, this method has been applied to the synthesis of 
zoapatanoL 4-6,8 
.. . A . variant .' .of ,this . ,me.thod .. has . .. been .reported.2 7 The re3ction of 
phenylthiomorpholine/triflic acid with unsaturated alcohols to generate cyclic ethers via 
episulphonium ions.28 Under these conditions, hept-6-en-l-ol 31 cyclised to give 2-




1.2.a.iv. Intramolecular 1,3-dipolar cycloaddition of a nitrone to 
dou ble bond29 ,30 






As described by Collins,30 the oxepane moiety can be synthesised by the 1,3-
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a.-D-Glucose was transformed to the aldehyde 33. The nitrone which formed, 
added to the adjacent allyl ether group to give a material comprising two compounds 34 
(the tetrahydropyran derivative) and 3S (the oxepane derivative) in a ratio of 2:1, 
respectively (Scheme 6). This intramolecular nitrone cyclaoddition offers a route to 
oxygen heterocycles of common occurrence in nature. The functionalised chiral pyro-
pyran 34 and pyran-oxepane 25 may both be converted by subsequent deamination 
and partial deoxygenation into compounds that are quite closely related in brevetoxin B. 
1.2.a. v. Stereocontrolled intramolecular cyclisation of ro-
tributylstannyl ether aldehyde31 
n-Busn~O~CHO _B_F_3_.0_E-it2.~ Me.r:i:: 93 
I H H 
36 37 
7 
In the above equation, the BF3 'OEt2 mediated intramolecular cyclisation of the 
y-oxo-substituted allylic tin 36 having an aldehyde group at the tenninus of the carbon 
chain proceeded in a stereocontrolled manner to give the 7 -membered ~-hydroxyl cyclic 
ethers 37 and 38 with excellent yield (95%) and stereoselectivity. 
1.2.b. Cyclisation involving C-C bond formation 
I 
1.2.b.i. Intramolecular [2+2] cycloadditons of ketene iminium 
salts to C-C double bond.32 
Intramolecular [2+2] cycloaddition of ketenes and ketene iminium salts to _, 
carbon-carbon double bonds and carbonyl groups have demonstrated the power and . 









The enolate fonned by the deportonation of amide 39 with triethylamine was 
converted into a triflate and subsequent elmination of the triflate gave the ketene 
iminium salt intennediate. The intramolecular [2+2] cycloaddditon of ketene iminium 
salt gave the iminium 40 which was hydrolyzed to afford the approrpiate oxepane ring 
41 ip 18% yield . 
.. ' 1~2~bJi.' 'Radical " anion 'cyclisation for ' the construction of 'eis-and 
trans- fused oxopolycyclic system.33 
Due to the relatively low reduction potential of the C=S bond 34 and the 
synthetic potential of sulphur for further chemical transformation, 
-macrodithionolactones were chosen as starting materials.33 
Thus, it was anticipitated that electron transfer to a thiocarbonyl group of the 
macrodithionolide X would generate a radical ion, initiating a sequence leading to a 








e- ~Q couplin~ 
s-
13 
This method can be applied to the construction of bicyclic or polycyclic ether 
ring as shown in the transformation below. The electrons generated from Na-
naphthalenide could transfer to the thiocarbonyl groups of the dithionolide 42 to give a 
radical anions (see the above sequence). The radical underwent intramolecular 
coupling to give a bridged product (an oxepane moiety). Quenching of the resulting 





1.3 Review on the Intramolecular Nitrone and Nitrile Oxide 
1,3.Di.polsrC yeload d it-ion 
The origins of the 1,3-dipolar cycloaddition can be traced back to 19th century. 
However, it was first fully recognised until 1960 when Huisgen35-37 and his group 
started to elucidate the full scope of the reaction. This invesigation has been -extended 
over more than twenty years and provided detailed information about a wide variety of 
1,3-dipoles and the mechanism of their additions to unsaturated systems. 





Allyl anion type 
., 
X=Y-Z ........ .._- X=y=z 
B 
Propargyl-allenyl anion type 
Most of the 1,3-dipoles are unstable prior to the cycloaddition so that they must 
. be generated in the presence of a dipolarophile. However, nitrones, diazoalkanes, 
azides and substituted nitrile oxide can be isolated before the reaction. 
14 
1,3-dipoles bearing a functional group being able to behave as a dipolarophile 
are extremely interesting substrates. In fact, the intramolecular cycloadditon of a 





b a/'~ \ I d-e and/or b~~) I".....e 
a 
Indeed it was the synthetic potential of this intramolecular cycloaddition which 
arouses our interest. Nitrones and nitrile oxides have received considerable attention in 
relation to 1,3-dipolar cycloadditions. In general, the cycloadditon of both nitrones 
and nitrile oxides with dipolarophiles has a number of advantages. Firstly, the 
isoxazolines are available by 1,3-dipolar addition of nitrile oxide and nitrones to 
olefins. The reductive cleavage of theN-O bond can be accomplished readily and 
sel~v.ely by various methods; catalytic reduction over P~Pt or Raney-Nicleaves the 
N-O bond.38 Secondly a crucial carbon-carbon bond is formed. Reactions involving 
the formation of such bonds are naturally highly desirable. Thirdly, an oxygen is 
transferred to a carbon of the dipolarophile. This oxidaton process is of enormous 
value for the introduction of relevant functionality in the natural system. 
It was envisaged that by carrying out a 1 ,3-dipolar intramolecular reaction on an 
acyclic sugar substrate containing a suitably placed 1,3-dipole and dipolarophile, a 
carbocyclic synthon could be obtained easily for further elaboration into a variety of 
heavily oxygenated target molecules. 
1.3. a. Nit r 0 n e -0 le fi n -eye loa d d i ton 
1.3.a.i. Nitrone Synthesis 
15 
Nitrones are generally rather stable compounds and easy to handle in air at 
ordinary temperature, but under prolonged influence of light, u.n:dergo rearrangements. 
Even quite reactive nitrones can be prepared and handled in solution to avoid the 
problems of di- or trimerization common to certain of them. Some nitrones (e.g. C, 
N-diphenyl nitrones) are quite stable and are commercially available. Alternatively, 
nitrones are readily obtained by the direct condensation of N -substituted 
hydroxylamines with aldehydes or ketones. 
1.3.a.ii. Intramolecular 1,3-Dipolar cycloadditon 
Intramolecular 1 ,3-dipolar cycloaddition of nitrones and alkene moieties to fonn 
a fused bicyclic isoxazolidine was first investigated by LeBel. 39 Particular attention 
was paid to molecules in which the nitrones were separated by a propylene or butylene 
chain from the alkene. The unsaturated nitrone was not isolated but was usually 
generated by condensation of an unsaturated aldehyde with N-methylhydroxylamine. 
The outcome of cyclisation depends on the intervening chain (bridge) separating 
the nitrone from the dipolarophile and whether this bridge is attached at C or N of the 
nitrone. Also important are the non-bonding interactions and entropic differences for 
competing cycloaddition pathways. Incorporation of the nitrone and/or dipolarophile 
in an existing ring system offers possiQilities for th~ gpI1sJruction of a wide variety of 
polycycles. 
1.3. b. Nit r i I e- ox id e -01 e fi n -c y cl 0 add it ion 
1.3.b.i. Nitrile oxide synthesis 
Nitrile oxide may be regarded as the dehydrogenated analogue of nitrones. 
Although they belong to the propargyl-allenyl anion type of 1,3-dipoles, their 
behaviour is in any respects similar to that of nitrones. 
Like nitrones, nitrile oxides are reasonably stable particularly if they contain 
bulky aromatic substituents. Reactive nitrile oxides are usually generated in situ, in the 
16 
presence of the appropriate dipolarophile. It can be generated by the two methods 
described below. 
The first method, by far t ... he most common one, is by the dehydration of a 
nitroalkane with phenylisocyanate in the presence of triethylamine. It is compatible 
with a variety of functional groups in both the nitrile oxide and the dipolarophile. The 
second one is the in situ generation of a reactive nitrile oxide by oxidative 
dehydrogenation of aldoximes. It can be done by a phase transfer catalysed 
hypochlorite oxidation of oximes. This involves the biphasic reaction of an oxime in 
dichloromethane with aqueous sodium hypochlorite and triethylamine is used as the 
catalyst. 
1.3.b.ii. Intramolecualr nitrile oxide cycloadditon (INOC) 
INOC reactions are occasionally synthetic alternatives to nitrone cyclisations. 
IDtramolecular 1~3-dipolar cycloadditions of nitrile oxide,s and alkene tOOieties fonn a 
fused bicyclic isoxazoline. Nitrile oxides generally undergoes bimolecular 1,3-dipolar 
cycloadditions with terminal double bonds to give 5-substituted 2-isoxazolines. 
The C, N, 0 portion of nitrile oxides are linear but the nitrone counterpart is 
planar with an approximately 120°, C'-N-O bond angle. Consequently, the cycloaddition 
transition states are rather differe.nt for those two dipoles. The nitrone usually, 
although not always, offers more promise of stereoselective cyclisation; the nitrile oxide 
can offer more promise of regiospecific cyclisation, especially in forming 5,6- and 5,7-
and larger fused bicyclic systems. 
1.4 Isoxazoline Transformation40 
The isoxazoline ring represents fairly responsive heterocyclic system, for its 
: interaction with the appropriate reagent can yield (a) a-amino alcohols, (b) ~-hydroxy 
17 
ester and acid, (c) ~-hydroxy nitriles, (d) ~-hydroxy ketones (and thus allylic alcohols, 
1,3-diols), (e)a,~-unsaturated ketone and (0 alkadiene (Scheme 8). 
1. H2, Ra-Ni, Acid, 
2. MsCl, Et3N, 0 OH 













2. Results and Discussion 
2.1 General Aspect 
Recently, the once desirable synthesis of a chiral molecule in optically pure 
form becomes a virtual necessity. The development of this higher order of criterion for 
a successful synthesis has practical foundations; e.g. the ,-dependence~ of 
pharmacological activity on absolute configuration. Since zoapatanol 1 has not been 
synthesised in optically pure form, the present proposed enantiospecific synthesis of 1 
would confirm its absolute stereochemistry and also provide enantiomerically pure 
material for detailed pharmacological testings. In addition, the potential use of this 
class of compounds in human contraception and the novelty of its unique molecular 
structure warrant a total synthesis. 
By examining the structure of 1, the stereochemistries of the chiral centres and 
the allyl alcohol moiety have to be controlled, i.e. the methyl group and the 




Previous effort from our group described the syntheses of 5- and 6-membered 
carbocycles from sugars using an intramolecular [3+2] nitrone cycloaddition as the key 
step.41 Accordingly, by carrying out an intramolecular 1,3-dipolar cycloaddition, with 
the correct carbon chain length between the 1,3-dipole and the dipolarophile, al-
.membered carbocyclic synthon could be achieved. If we put this method.one,step' . . . ' 
forward, an intramolecular 1,3-dipolar reaction with the correct hetero-alkyl (carbon 
19 
with oxygen) chain length would afford a 7-membered (oxepane) O-heterocycle. This 
can then be elaborated into a variety of naturally occurring polyhydroxylated -
heterocyclic compounds. It was our aim to construct 6- and 7 -membered .0-
heterocycles by using intramolecular cycloadditions of nitrones -or nitrile oxides to ~. 
produce fused ring isoxazolidines and isoxazolines, respectively, as shown below in 
equations 1 and 2. 
nitrone cycloaddition 
nitrile oxide cycloaddition 
Assuming that the N-O bond can be easily cleaved then, for n=2 and n=3, 
precursors for polyhydroxylated cyclohexanoid and cycloheptanoid heterocyclic natural 
products could theoretically be fabricated from sugars, and we will apply this strategy 
in a synthetic approach towards zoapatanol. 
20 
Nitrones and nitrile oxides are usually made in situ from the aldehydes. It is 
therefore our initial aim to produce an aldehyde from a carbohydrate which can then be 
subjected to the 1,3-dipolar intramolecular cycloadditon. 
The routes to 6- and 7-membered O-heterocycles will be presented separately . . 
Each section will describe the construction of the aldehydo-sugars and the· attempted 
cycloadditions. 
2.2 Entries to 6 and 7-membered O-heterocycles via 1.3-dipolar 
intramolecualr nitrone cycloadditon 
2.2.a. Entry I-Synthesis of isoxazolidine 50 
The route which proved successful in forming 50 is shown in Scheme 9. D-
glucose was converted into 1,2:5,6-di-O-isopropylidene-D-glucofuranose 44 in 60% 
yield using anhydrous acetone and concentrated sulphuric acid, reaction being complete 
in 5 hours.42 This reaction could also be done by using iodine but the -reaction 
required a longer period of time.43 In order to introduce the methyl group in 46, 
methyl magnesium bromide/chloride was allowed to react with the ketone 45. The 
secondary hydroxyl group in 44 was oxidized by. PDC to the .ke~one 45.44,45 The Lr. 
" . ,. .. 
spectrum of 45 provided evidence for the successful oxidation. A strong absorption 
signal at 1770 cm-1 indicated the presence of a carbonyl function. The unpurified 
ketone 45 was easily hydrated to' form a white solid which would not react with the 
Grignard reagent. As a result, the ketone 45 must be freshly prepared and protected 
from moisture before the reaction or the water in the hydrated ketone was removed by 
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Scheme 9. Reagents: a) acetone, 12, 60% ; b) PDC, 4A molecular sieves, acetic acid, CH2CI2, 
86%, MeMgBr, THF, 85%; d) i) NaH, THF, ii) allyl bromide, overall 80%; e) 80% aq. acetic 
acid, 90%; f) NaI04, dioxane:water [(3:2, (v/v)], 85%; g) N-methylhydroxylamine hydrochloride, 
Na2C03, 83% aq. ethanol, 70%. . 
An excess of the Grignard reagent (3 eqv.) was added to the ketone 45 in 
11If t<:>._give alcohol 46 with m.p. 103 .oC, [a]D23 + 20 (c 1.0, CHCI3), [ lit.,46 )05-
107°C, [a]D + 22 (c 1.0, CHCI3)]. Only one stereoisomer was isolated after the 
reaction. This was ascribable to the fact that the concave-shaped isopropylidene at.the 
1,2-position would prevent the Grignard reagent from attacking the a -side of the 
'carbonyl group. As a result, the methyl group added to the ketone at the ~-face . . 
22 




The alcohol 46 was alkylated with allyl bromide in the presence of NaH in 
THF to give the allyl ether 47. The presence of the allyl ether moiety in 47 was 
evident from the resonances of three vinylic protons at 5.12, 5.34 and 5.88-6.03 ppm 
in the IH NMR spectrum of 47. Absorption at 1456 cm-1 in the i.r. spectrum of 47 
also indicated the presence of the C=C bond and the absence of absorption around 3500 
cm-1 supported by the fact that the hydroxyl group in 46 was converted into the allyl 
ether. The structure of 47 was also substantiated by a correct elemental analysis. 
Now, an important functional group, i.e. the alkene of the allyl ether,was added to the 
molecule. The double bond acted as a dipolarophile which would cyclise with a 
nitrone. The terminal isopropylidene in 47 was then selectively removed in 80% 
aqueous acetic acid to give the diol 48 in 95% yield. Successful removal of the 
isopropylidene in 47 was evident from the IH NMR spectrum of 48 which exhibited 
two resonances at 1.32 and 1.34 ppm, indicating that only one isopropylidene remained 
in 48. An absorption at 3508 cm-1 in the i.r. spectrum of 48 indicated the presence of 
the hydroxyl function. The diol 48 underwent oxidative cleavage with sodium 
metaperiodate in aqueous dioxane at room temperature to give an aldehyde 49 which 
was rather unstable and it was used in the next reaction without purification. 
Since the olefinic-aldehyde 49 was established in hand, 1,3-dipolar 
intramolecular cycloadditon via nitrone was then attempted. 
As described in the Introduction, LeBe139 showed that intramolecular 
·additions of intermediate C-alkenylnitrones can easily be effected if olefinic-aldehydes 
23 
are condensed with N-alkylhydroxylamines. In this way annelated isoxazolidines are 
obtained. ~ 
The intramolecular cycloadditons of unactivated C-C double bonds usually take 
place more smoothly than the bimolecular case, which requires higher temperatures 
and/or activation of the olefinic component. This difference, which is ' useful for 
syntheses, reflects the entropic influence in the intramolecular reactions.39 
-Q Me 
o " ~ ~ N+ H H 0 I MeNHOH.HCl. I) H ~ o\- aq.2EtO~.reflux ~~o~ NaCO'" U '0 
~ 49 . 
50 
70% yield from diol 48 
Scheme 10 
Thus 49 was heated under reflux with N-methylhydroxylamine hydrochloride 
and sodium carbonate in aqueous. ethanol at pH 8. The nitrone~ntermediate was 
generated in situ and underwent a [3+2] cycloadditon to form the fused isoxazolidine 
50 as shown in Scheme 10. 
Absence of the resonances of the three vinylic protons and the existance of the 
N-Me signal at 2.81 ppm in IH NMR spectrum of 50 showed that the reaction 
proceeded. 
. The structure of 50 was established as described below. The two methylene 
signals at 64.38 and 67.61 ppm in the 13C (DEPT) NMR spectrum were assigned as 
the two methylene carbons, C-a. amd C-y, attached to the 0 atoms and the resonances 
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at 3.45 to 3.51 ppm in the IH NMR spectrum of 50 was assigned to the C-~ proton in 
SO. Further evidence was given by the mass spectrum of 50 [m/z (El) 271 (100%, -
M+)] and a correct elemental analysis. 
We would expect that there should be two possible products via two different 
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Scheme 11 
Route A would give the desired oxepane product whereas Route B would fonn 
the tetrahydropyran. Surprisingly, we could only obtain the 6-membered heterocyclic 
ring 50. 
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We' initially rationalised this result that more strain will be created during for 
cyclisation transition state of a 7 -membered ring since the allyl group and nitrone are 
trans-disposed. Therefore, only the less-strained 6-membered would be produced. 
Attempts were made to substantiate this rationalisation by running the following 
experiments. 
2.2.h. Entry II-Synthesis of isoxazolidine 54 and 55 
In this entry, the allyl group and the nitrone moieties in the cyclisation precursor 
53 were eis-disposed. Therefore, the two functional groups were much closer and 
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Scheme 12. Reagents:a) (i) NaH, THF, (ii) allyl bromide overall 85%; b) 80% aq. 
acetic acid, 93%; c) NaI04t dioxane:water (3:2, v/v); d) N-methylhydroxylamine 
hydrochloride, Na2C03t aq. 83% ethanol, 2 steps overall 70%, 55:54 (12: 1). 
~e free hydroxyl group in 44 was converted into the allyl ether in 5147 
(Scheme 12). The presence of the ' allyl ether moiety in 51 was evident from the 
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resonances of three vinylic protons at 5.19,5.30 and 5.81-5.97 ppm in the IH NMR 
spectrum of 51. Absorption at 1470 cm-1 in the i.r. spectrum of 51 also indicated the 
presence of the C=C bond and the absence of the absorption around 3500 cm- 1 
supported the notion that the hydroxyl function in 44 was transfonned to the allyl ether 
moiety. The tenninal acetonide in 51 was selectively removed in 80% aqueous acetic 
acid to give the diol52 in 93% yield. The removal of the isopropylidene was proved to 
be successful by the presence of only two up-field methyl resonances at 1.27 and 1.45 
ppm in the 1 H NMR spectrum of 52. This showed that only one acetonide remained 
in 52. A strong absorption at 3425 cm-1 in the i.r. spectrum of 52 provided evidence 
for the hydroxyl function and a correct elemental analysis also substantiated the 
structure of 52. The aldehyde 53 was produced from the diol 52 by oxidative 
cleavage with sodium metaperiodate. The aldehyde 53 was then used in the next step 
without purification. The nitrone was then generated in situ by reacting the aldehyde 
53 with N-methylhydroxylamine. The nitrone cyclization afforded two products in the 
ratio of about 12: 1 as shown in Scheme 13. 
The structures of the two products were elucidated as below. The major 
component exhibited two high-field geminal coupled proton resonances at 2.40 and 
2.60 ppm in IH NMR spectrum of 55. Further evidence was given by the two 
methylene carbon signal at 26.45 and 72.29 ppm in the 13C NMR (DEPT) spectrum. 
The high-field carbon signal would be expected for the C-y methylene in the bridged 
structure while the low-field one would be the C-a methylene attached to the 0 atom in 
55. These data were in good agreement with those of a similar oxepane reported by 
Collins,30 therefore we could confirm the major product 55 had the desired oxepane 
moiety. For the minor product, there is one methylene signal at 67.22 ppm in 13C 
NMR (DEPT) which would expected for the C-yand C-a methylenes (collapsed into a 
single peak: on the spectrum) attached to the 0 atoms in 54. The resonance at 2.71 to 
2.80 ppm in the IH NMR spectrum of 54 was assigned as the ·C-pproton. Therefore 
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70% yield from diol 52 
Scheme 13 
By the above result, we · postulate that the criterion in our case for the 
construction of the oxepane moiety by 1,3-dipolar cycloadditon is to have the nitrone 
and allyl group eis-disposed. 
2.2.c. Entry -Ill-Synthesis of isoxazoIidine 66 
If the nitrone and allyl group were attached to an acyclic molecule, the strain 
- - - - . - -
- - - .. - - . -_ .. --- -- -
caused by cycloaddition should be minimal. A 7 -membered ring would be obtained in 
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Scheme 14. Reagents: a) chloroethylformate, triethylamine, 78%, CH2CI2; b) 90% aq. 1FA, 
CH2C12, 90%; c) NaI04, dioxane:water (3:2 v/v); d) NaBH4, ethanoVwater (3: 1 v/v); e) K2C03, 
MeOH,2 steps overall 76%. 
The diol48 was protected with chloroethylformate to form a cyclic carbonate 
56 (Scheme 14). A strong absorption at 1803 cm- 1 in the i.r. spectrum of 56 
indicated the carbonyl function of the carbonate moiety. The remaining acetonide in 
. 56 was removed ~n the presence of 70% aque0l!sTF A t.o. give the diol . 57 ... The 
removal of the isopropylidene was evident by the absence of two up-field methyl 
resonances at 1.10,. 1.27 ppm in the 1 H NMR spectrum of 57. This showed that the 
remaining acetonide in 56 was removed to give 57. A strong absorption at 3450 cme 1 
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in the Lr. spectrum of 57 indicated the hydroxyl function and a correct elemental 
analysis also substantiated the structure of 57. 
The diol57 underwent oxidative cleavage with sodium metaperiodate to afford 
aldehyde 58. The unpurified aldehyde 58 was reduced with sodium borohydride to 
form the diol 59. The resonances at 3.56 ppm and 4.92-5.24 ppm in the IH spectrum 
of 59 were assigned as the protons for the diol after the hydride reduction of the 
carbonyl functions in 58. The retention of the strong absorption at 1786 cm- I 
(carbonyl moiety of cyclic carbonate) and the absorption at 3431 cm- I (hydroxyl 
function) in the i.r. spectrum of 59 supported its structure. 
It was very difficult to find a method to protect the two hydroxyl groups of 59 
in the presence of the cyclic carbonate. The reason is that the cyclic carbonate is rather 
unstable in basic medium. Initially, we tried to protect the diol59 as the benzyl etherse 
However, the carbonate was quickly cleaved under the basic condition used (NaH), 
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Then reaction of the diol 59 with various acid chlorides or acid anhydrides were 
attempted. However, there is a drawback for this tactic. The ester formed should be 
relatively stable at high pH upon removal of the cyclic carbonate under basic 
conditions. Therefore, the choice for the plausible acid anhydrides/chlorides was very 
limited. Pivaloyl chloride and benzoyl chloride were used but only the more reactive 
primary _alcohol could be esterified. As a result, we had to seek an alternative strategy 
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to solve this problem. Thus the cyclic carbonate in 59 was removed by using 
MeOH/NaOMe to form the tetraol 60. The up-field shift of the resonances at 4.59, 
4.39 to 4.00 ppm of the C-1 protons in the IH NMR spectrum of 60 indicated the 
cyclic carbonate moiety has been cleaved. The absence of absorption around 1750 cm-1 
in the Lr. spectrum of 60 also provided evidence for the removal of the cyclic 
carbonate. Then the hydroxyl groups in 60 at the 1,2-position were selectively blocked 
to form an isopropy lidene 62 using acetone and a catalytic amount of (±.) 
camphorsulphonic acid.48 The reaction was proved to be successful by the presence 
of two up-field methyl resonaces at 1.30 and 1.35 ppm in the IH NMR spectrum of 












80% aq. acetic acid, 
85% 
~O 
. Scheme 15 
62 
I NaH, PhCH2Br, t THF, 60°C, 80% 
The resonances between 7.14-7.26 ppm in the IH NMR spectrum of 63 were 
ascribable to the 10 aromatic protons and the resonances .~t 3.40, 4.56. and 4.90 ppm 
indicated the four benzylic protons. The isopropylidene in 63 was then hydrolysed. 
The absence of the resonances around 1.26, 1.34 ppm in the IH NMR spectrum of 64 
confIrmed complete hydrolysis. A strong absorption at 3441 cm-1 in the Lr. spectrum 
of 64 also indicated the hydroxyl function. Glycol cleavage of 64 afforded aldehyde 
31 
65. The aldehyde 65 was rather unstable and ' was used in the next step without 
purification. 
Similarly, the aldehyde 65 condensed with the N-methylhydroxylamine in 
refluxing aqueous ethanol. The nitrone was generated in situ and . the cycloadditori 
occurred smoothly to give 66 as shown in Scheme 16. 
The structure of 66 was established as described below. The "resonancesat 
58.93, 68.04, 73.22, 74.21 and 74.88 ppm in the 13C (DEPT) NMR spectrum were 
assigned as the five methylene carbons attached to the 0 atoms. The resonance at 2.91 













This result contradicted with our prediction. We believed that the nitrones 
derived from aldehydes with a ~-quatemary centre such as 63 or 48 would not cyclise 
. _ . ... - . - -
to give the 7 -membered heterocycle, attributable to the steric interaction between the 
methyl ( or the alkenyl substituent ) and the N-Me moiety. 
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O~Ph 
Proposed transition state for the cycloaddition 
of nitrone intennediate generated from 65 
Nitrone cycloadditon was therefore abandoned. 
2.3 Entries to 6 and 7-membered Q-heterocycles via 1,3-dipolar 
intramolecualr nitrile oxide cycloadditon 
We turned our attention to the nitrile oxides cycloaddition. This was used as a 
new tool for the construction of the oxepane moiety in the present work. 
2.3.h. Entry I-Synthesis of isoxazoIine 68 
The aldehyde-olefin 53 reacted with hydroxylamine (Scheme 17) to afford an 
oxime 68 (a syn- and anti- mixture) in 86% from diol 52. Absorption at 1650 cm-1 
indicated the presence of C=N function in the i.r. spectrum of 67 whereas the absence 
of absorption around 1715 cm-1 indicated the aldehyde moiety has been converted into 
the oxime function. The two isomers of 67 could not be separated by chromatography 
and the geometry of the C=N bond could be identified by measuring the coupling . 
constant of the resonance of the C-5 proton in the IH NMR spectrum of 67. The one 
with a smaller coupling constant of 4.0 Hz at 6.86 ppm was assigned as the syn-oxime 
67 and that with the larger 7.4 Hz at 7.50 ppm to be the anti-oxime. The ratio of the 
two isomers could also be calculated by comparing the integral of the two signals. The 
oxime 67 (syn- and anti-, 2: 1 mixture) was oxidised tothe nitrile oxide in situ during ... _-- -..  --
the biphasic reaction in dichloromethane with aqueous sodium hypochlorite 
(triethylamine as the catalyst). After vigorous stirring and refluxing overnight, all the 
. starting material disappeared and the cycloadditon occurred to give 68. 
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The structure of isoxazoline 68 was established as described below. The 
. presence of the resonances at 3.57 ppm in the IH NMR spectrum of 68 indicated the 
C-~ protons whereas the resonances at 3.81, 3.95, 4.16 and 4.47 ppm were assigned 
as the protons on the methylene C-a and C-y carbons. The resonances at 69.90 and 
70.68 ppm in the 13C (DEPT) NMR spectrum of 68 were assigned as the two C-a, C-
ymethylene carbons. The continued existance of an absorption at 1650 cm-1 in the Lr. 
spectrum in 68 indicated the C=N function. The strucure of 68 was further proved by 
a correct elemental analysis. 
We expected this reaction would give us the tetrahydropyran cycloadduct. This 
result was rationalised by the fact that the strained bridge head C=N bond in the 
oxepane 69 prevents its formation. Therefore only the more stable 6-membered ring 
68 could be obtained. 
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2.3.a. Entry II-Synthesis of isoxazoline 71 
The nitrile oxide cycloaddition was attempted by using the olefinic-aldehyde 
49. The aldehyde 49 was converted into the oxime 70 as a syn- and anti- mixture in 
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The nitrile oxide was generated in situ during the biphasic reaction of oxime 70 
in dichloromethane with aqueous sodium hypochlorite and triethylamine as the catalyst. 
After refluxing overnight, t.l.c. indicated that only one product had formed. The 
structure of 71 was elucidated below. The presence of the resonances at 3.52 ppm in 
. the IH NMR spectrum of 71 indicated the C-~ proton whereas the resonances at 3.64, 
'4.32 and 4.55 ppm were assigned as the protons on the methylene C-(l and C-'Y 
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carbons. The structure of 71 was further evident by the resonances at 66.90 and 70.25 
ppm in the 13C NMR spectrum of 71 which indicated the tWo methylene C-a and C-y 
carbons attached to the 0 atom. Therefore, we believed that 71 was also a 
tetrahydropyran derivative. This result was not surprising because it could be 
explained by the same argument mentioned in section 2.3.h. 
2.3.c. Entry Ill-Synthesis of isoxazoline 77 
The above two examples only gave the tetrahydropyran. We would like to 
know if the methyl group at the junction played a role in controlling the mode of the 
cycloaddition. 
NaBH4, MeOH, 
h---"~~C. 75% from 44 HO'" 
45 
H 
~ 80% ag. acetic acid 
'\ :-.90% 




! NaH, allyl bromide, THF, 50°C, 85% 
Therefore we designed another precursor 76 to find out the answer (Scheme 
19). The ketone 45 was reduced in the presence of NaBH4 to the alcohol 72.44 The 
hydride attacked the carbonyl moiety at the less hindered ~-face to give allose 72 in 
which the stereochemistry of the hydroxyl group was inverted. The alcohol 72 was 
then allylated to afford the allyl ether 73. The terminal acetonide in 73 was removed 
.selectively in 80% aqueous acetic acid to afford the diol 84. The resonancesat 1.36 
and 1.58 ppm in the IH NMR spectrum of 74 provided evidence for only one 
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isopropylidene remained in 74. Thenthe diol 74 underwent glycol cleavage to give 
the aldehyde 75. The aldehyde 75 was used in the next reaction without purification. 
The olefinic-aldehyde 75 was converted into the oxime 76 (both syn- and anti-, 









., ~ Na2C03, aq.EtOH, 'o'~O 
o reflux, 62% from '"'-
...... 
d~174 ° 
75 ~ 76 
110% aq.NaOCI, 






The nitrile oxide was generated in situ during the biphasic oxidation of oxime 
76 in dichloromethane by aqueous sodium hypochlorite. The reaction mixture was 
refluxed overnight and t.l.c. indicated that only one product 77 had fonned. The 
structure of 77 was established by the spectral data. The presence of the resonance at 
3.52 ppm in the 1H NMR spectrum of 77 indicated the C-~ proton whereas the 
resonances at 3.77, 4.40 and 4.49 ppm were assigned as the protons on the methylene 
C-a. and C-y carbons. There was a good agreement between the 13C NMR spectra of 
68 and 77, therefore we believed that 77 was also a tetrahydropyran. The structure of 
77 was also corroborated by its correct elemental analysis. 
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First, the ring size of the heterocycle was not affected by the stereochemistry of 
the olefin and the nitrile oxide moieties (cis- or trans-diposed). All three attempts 
would only give the 6-membered ring. Second, if there is a choice between the 
formation of a larger ring and a smaller ring, the only product will be the latter one. 
For example as shown in entry 2~2.a., there was a competition between 6- or 7-
membered ring cyclization, the tetrahydropyran 68 was produced exclusively 
(Scheme 21). 
Up to now, we could easily obtain the tetrahydropyran ring system by the 1,3-
dipolar nitrile oxide cycloadditon with the correct chain length (4 atoms between the 
ninile oxide and the alkene moiety). If we could add one more methylene moiety at the 
aldehyde terminal (I-carbon homologue), we should get the 7-membered ring after the 
nitrile oxide cycloadditon. Therefore, we synthesised a model ' compound in order to 
. -prove our idea. 
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2.3l!d. Entry IV-Synthesis of iso.xazoline 86 
The alcohol 46 was hydrolysed to give the triol 78 with m.p 11o.:-111°C and 
[a]o23 + 35 (c 0.88, CRCI3), [lit.,44 132.5-133.5 °c, [a]o + 23 (c 0.4, CRCI3)]. 
Then the triol 78 was converted into the olefin 79 by the method published by Garegg, 
49 in which the two hydroxyl groups at the 5, 6-position were removed to give an 
olefin 79 (Scheme 22). The presence of the resonances at 5.22, 5.33 and 5.66-5.80 
in IH NMR spectrum of 79 were assigned as the three vinylic protons. An absorption 
at 1640 cm-1 in the i.r. spectrum of 79 showed the presence of a C=C bond function. 
The olefin 79 then underwent hydroboration and oxidative work-up in alkaline 
medium to afford the alcohol 80. A resonance at 1.69-1.90 ppm in the IH NMR of 
spectrum 80 was assigned as the new C-5 protons. This indicated that the double bond 
had been reduced. The up-field shift of the resonances (three vinylic protons in 79) at 
5.22, 5.33 ppm (tenninal vinylic protons) to 3.86 ppm (C-6 hydroxymethyl) and 5.66-
5.80 (single vinylic proton) to 1.69-1.90 ppm (C-5 methylene) in IH NMR spectrum 
of 80 provided evidence for the position of the hydroxyl group in 80. In addition, a 
correct elemental analysis further proved the structure of 80. The primary hydroxyl 
group in 80 was selectively block~dwith TBDMSCI to the silyl ether 81 in excellent 
yield. The successful result of the silylation was 'evident by the resonances of the two 
singlets at 0.05 and 0.88 ppm in the IH NMR spectrum of 81 which were assigned as 
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Scheme 22. Reagents: a) 80% aq. acetic acid, 88%; b) imidazole, triphenylphosphine, iodine, 
toluene, 58%; c) borane-dimethylsulphide complex (2.0 M), THF, 84.5%; d) imidazole, TBDMSCI, 
DMAP, CH2CI2, 99%; e) i) NaH, THF, ii) allyl bromide, overall 77%; t) nBu4N+F-, THF, 96%. 
Then the tertiary hydroxyl group was alkylated with allyl bromide to give the 
allyl ether 82. The silyl group was removed in the presence of TBAF to the alcohol 83 
with 99% yield. The absence of the resonances at O~05 and 0.88 ppm in the IH NMR 
spectrum of 83 indicated that the removal or-the silyl ether was complete. The 
hydroxyl group in 83 was oxidised with PDC to fonn the aldehyde 84. The aldehyde 
84, without purification, was converted into the oxime 85 (both syn- and anti-, 1.3:1 
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The nitrile oxide was generated in situ during the biphasic reaction of oxime SS 
in dichloromethane with aqueous sodium hypochlorite. The reaction mixture was 
stirred vigorously at room temperature overnight, then all the starting material 
disappeared and t.1.c. indicated that only one product 86 had formed. The structure of 
this substance was established as 86 by spectroscopic means as described below . The 
resonances at 26.69 and 52.14 ppm in the 13C NMR spectrum of 86 were assigned 
as C-e and C-p on the oxepane ring whereas the signals at 65.41 and 70.38 ppm 
indicated the two methylene carbons, C-a. and C-y, attached to the 0 atoms. The 
resonance at 3.40 ppm in the IH NMR spectrum of 86 was assigned to be the C-p 
proton whereas the resonances at 3.67, 3.88, 4.26 and 4.34 ppm indicated the four 
protons on the C-a. and C-y. The -structure of 86 was also evident by the absorption at 
1400 cm-1 (C=N) in the Lr. spectrum of 86 and a correct elemental analysis also 
substantiated the structure of 86. The desired 7 -membered bicyclo-isoxazoline 86 was 
-obtained with 61 % yield. Then, we believed that the nitrile oxide-cycloaddition was 
feasible in the synthesis of 7 -membered heterocycles. Therefore, a new oxepane 
moiety 90 was synthesised in the following reactions in order to provide a suitable 
precursor for the synthesis of zoapatanol. : • __ • ., . ~ _ a. '.' _ . ',. • • • • • _ ... 
4,1 
2.3.e. Entry V-Synthesis of isoxazoline 90 
The tenninal double bond in 82 was cleaved (Scheme 24) by ozonolysis and 
reductive work-up of the resulting ozonide with DMS afforded an aldehyde 
in termedi ate. Wittig reaction of the aldehyde with 
(methoxycarbonyl)methylenetriphenylphosphorane in CH2Cl2 at room temperature 
gave a pair of isomer 87 -Z and 87 -E in a ratio of 1 to 3 and in a combined overall yield 
of 94% from 82. 
TBDMSO 
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Scheme 24. Reagents: a. i) 03, CH2CI2: MeOH (5: 1), ii) Dimethyl sulphide; 
ill) Ph3P=CHC02Me, CH2CI2, overall 94%; b) PDC,4A molecular sieves, acetic 
acid, CH2CI2; ii) hydroxylamine hydrochloriode, pyridine, ethanol; iii) 10% aq. 
sodium hypochlorite, CH2Cl2, triethylamine (cat.), overall 61 %. 
The two isomers 87-E and 87-Z could be readily separated by chromatography 
as colourless oil and the geometry of the double bond could be easily identified by 
measuring the coupling constant between the two vinylic protons in their IH NMR 
spectra. The alkene with the smaller coupling constant of 11.6 Hz was assigned to the 
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Z-alkene and that with the large 15.6 Hz to the E~alkene. The presence of the enonate 
moiety in 87-E was indicated by the resonances of the methyl esterat 3.72 ppm and 
the two vinylic protons at 5.81 and 6.39 ppm in the 1H NMR spectrum of 87-E. The 
enonate function in 87 -Z was indicated by the presence of the resonances of the methyl ·: 
ester at 3.70 ppm and the two vinylic protons at 6.02 and 6.91 ppm in the 1.H NMR of 
87-Z. Absorption at 1720 cm- 1 in the i.r. spectrum of the isomeric isomers also 
indicated the presence of the unsaturated ester carbonyl. During 'the ozonolysis, the 
silyl group was removed. Absence of the resonances around 0.37 and 0.87 ppm in 
1H NMR spectra of 87-E and -Z indicated that the silyl ether had been removed. 
Further evidences were provided by the hydroxyl absorption at 3450 cm-1 in the i.r. 
spectra of 87 -E and -Z. The identity of two enolate esters 87 -E and -Z was further 
corroborated by their correct elemental analysis. 
It was a surprising result and we believed that the small amount of methoxide 
generated during the ozonolysis played an important role in the cleavage of the silyl 
ether. 
The primary hydroxyl group in 87 was oxidised with PDC, forming the 
aldehyde 88 (Scheme 25). 
o 
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The aldehyde 88 was converted into the OXIme 89 by reacting with 
hydroxylamine in refluxing ethanol. The nitrile oxide was generated in situ during the 
biphasic oxidation of the oxime 89 in dichloromethane with aqueous sodium 
hypochlorite. After stirring vigorously at room temperature overnight, a pair of 
diastereoisomers 90a,b \yere obtained. 
The absence of the vinylic proton resonances in the IH NMR spectrum of 90 
indicated that the reaction indeed proceeded. Unfortunately, the isomers 90a and 90b 
could not be separated by chromatography so that the spectra (lH and 13C NMR) of the 
products were very complex. However, the resonance at 3.80 ppm in the IH NMR 
spectrum of 90 was evident of the methyl es~~r moiety and the down-field shift of the 
resonances of C-5 hydrogen from 2.50 to 3.00 ppm also substantiated the 
transformation of the oxime 89 to the cycloadduct 90. The structure of 90 was also 
supported by the mass spectrum [m/z (El) 312, (23.2%, M+ - Me)]. 
Due to the insufficient evidence to make a rigourous assignment on the spectral 
data alone, we decided to carry out the next experiment in order to prove the structure 
of the cycloadduct 90. 
The isoxazoline 90 was converted into the ~-hydroxyl keto-ester 91 by 
hydrogenation in an acid medium With Raney-Ni 50 as the catalyst to give a ~-hydroxyl 
keto-ester 91 as shown in Scheme 26. The hydroxyl group in 91 was then 
tranformed to a mesylate, which underwent elimination in a basic medium50 to give an 
<x,~-unsaturated keto-ester 92 . as white needles with m.p. 109.5-111 °C. The 
resonance at 6.32 ppm in the IH NMR spectrum of 92 indicated the presence of a 
single vinylic proton. In addition, the resonances at 2.78 and 2.92 ppm were assigned 
as the C~o protons and the signals at 4.49 and 5.37 ppm as the C-(l protons of 92. 
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Absorptions at 1690 cm-1 (a,~-unsatu~ated carbonyl moiety), 1724 (a, ~­
unsaturated ester) and 1640 cm-1 (C=C) in the i.r. spectrum of 92 also provided 
evidence for an a,~-unsaturated keto-ester moiety. The structure of 92 was further 
supported by a correct elemental analysis 
However, there are two possible structures A and B for compound 92. The 
stereochemistry of the double bond in compound 92 was ascertained from nOe 
experiments. Irradiation of the signals of the methylene protons on C-a resulted in 
large nOe enhancement (18%) for the signal of the vinylic proton Ha. Then, we 
confmned that Ha should be at close proximity to the two methylene protons, therefore 
structure B was not possible where Ha is far away from the protons on" C-a. As a 
result, compound 92 was assigned as stucture A. 
Structure A Structure B 
Finally, we obtained the oxepane moiety 92 which is structurally similar to the 
zoapatanol to a certain extent. As a result, we believed that the oxepane 92 could be: a 
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key inte1lllediate for the synthesis of zoapatanol. We proved that this intramolecular 





We were successful in constructing the oxepane and the tetrahydropyran from 
different olefinic-aldehyde moieties via the intramolecular 1 ,3-dipolar cycloaddition of 
nitrile oxides or nitrones. The precusors and the corresponding cyclized products are 
shown in the tables below: 
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Finally, we believe that this strategy is applicable to the syntheses of 0-
heterocyclic (6- or 7-membered riD g) natural products, e.g zoapatanol (entry 2.2.e.). 
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3. Experimental 
Apparatus and equipment 
Meltin2 points (m.p.) 
Melting points were detennined on a Peichert apparatus and are uncorrected. 
Specific optical rotation [aln t 
All optical rotations were measured using JASCO DIP-300 polarimeter. 
Infra Red (Lr.) absorption spectra 
Spectra were recorded on a Nicolet 20SXC Fourier Transform spectrometer. 
The samples were dissolved in chloroform and then evaporated as films on KBr 
disc. All absorption maxima (Vrnax) were reported in wave numbers (cm-I). 
IH Nuclear mal:netic resonance (n.m.r.) spectra 
All spectra were recorded on a Broker WM250 spectrometer at 250 MHz using 
deuteriochloroform as solvent and chemical shift positions were in o(ppm) 
downfield from internal tetramethylsilane, coupling constants (J value~) are 
given in Hertz (Hz). 
13C Nuclear ma2netic resonance (n.m.r.) spectra 
All spectra were recorded on a Broker WM250 spectrometer at 250 MHz using 
deuteriochloroform as solvent and chemical shift positions were in o(ppm). 
Mass spetra 
Mass spectra were recorded on a VG Micromass 7070 instrument. 
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Thin layer ehromatol:raphy (t,l.e,) 
nc were perfonned on aluminium peicoated with silica gel 60F245 and all 
compounds were visualised using a spray of 5% w/v dodecamolybdo-
phosphoric acid in ethanol or H2S04 in ethanol with subsequent heating. 
Flash ehromato2'raphy 
Flash chromatography were carried out using silica gel no. 9385 (230-400 
mesh) produced by E. Merck. 
Elemental analysis 
Element analyses were carried out at S~anghai Institute of Organic ~hemistry, 
The Chinese Academy of Sciences, China. 
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1,2:5,6-Di-O-isopropylidene-a-D-glucofuranose 44.42_D-Glucose (5.0 g, 
27.8 mmol) was added with stirring at room temperature to a solution of iodine (1.5 g, 
5.9 mmol) in acetone (250 cm3, AR). The reaction was monitored by t.l.c. 
(chlorofonn : methanol, 9.5:0.5 v/v) and most of the sugar went into the solution in 20 
h at 24 QC. The iodine was then destroyed by the addition of aqueous sodium 
thiosulphate (2 M). The diacetonide 44 was extracted into chlorofonn (3 x 100 cm3). 
The combined extracts were washed with water, dried with anhydrous MgS04, filtered 
and the filtrate was concentrated to afford a solid (6.3 g) which was recrystallised from 
hexane as colourless needles 44 (4.3 g, 60%), m.p. 109-110 QC, (lit.,45 m.p. 109-
110 QC); Vrnax (film)/cm-1 3420 (OH); OH (250 MHz) 1.30, 1.35, 1.43 and 1.48 (s, 4 
x Me), 2.59 (bs, 1H), 3.97 (dd, 1H, J 5.4, 8.4), 4.05 (dd, 1H, J 2.8, 7.5), 4.16 (dd, 
1H, J 6.2, 8.7), 4.29-4.36 (m, 2H), 5.52 (d, 1H, J 3.6), 5.93 (d, 1H, J 3.6). 
1,2:5,6-Di-O-isopropylidene-a-n-ribo-3-hexulofuranose hydrate 45.45-
1,2:5,6-Di-O-isopropylidene-a-D-glucofuranose 44 (3.1g, 12.0 mmol) was stirred in 
dry dichloromethane. Pyridinium dichromate (6.8g, 18.0 mmol), powdered 4A 
molecular sieves (9 g) and glacial acetic acid (0.5 cm3) were added slowly. A silica gel 
drying tube was placed on the flask and the mixture was stirred at room temperature. 
The reaction was exothennic, refluxing gently initially and the orange colour of the 
solution turned to dark brown within 5 min. The solution was allowed to stir for 24 h 
and then Celite (3 g) was added and stirred for 10 more min. The solution was suction 
filtered through a bed of silica gel- and the solvent was removed from the filtrate under 
reduced pressure, yielding the ketone as a pale yellow syrup (2.7 g, 86%). The ketone 
was hydrated after addition of several drops of distilled water, giving white needles. 45 
m.p. 100--101 QC (lit.,44 m.p. 111-112 QC); [a]n23 + 45 (c 1.0, CHCI3), [lit.,44 
[a]o25 + 44 (c 1.0, ethanol)]; Rf 0.6 [diethyl ether: n-hexane (1:1 v/v)]; Vrnax 
(film)/cm-1 3425 (OH), 1770 (C=O); OH (250 MHz) 1.35 (6H, s), 1.45 (3H, s), 1.47 
(3H, s), 1.75 (2H, s), 4.05 (2H, d, J 7.0), 4.30--4.50 (3R, m), 6.13 (lH, d, J 3.7); 
m/z (El) 245 (52.7%, M+- Me). 
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1,2;5,6-Di-O-isopropylidene-3-C-methyl-a~o-allofuranose 46.44-1,2:5,6-Di-
O-isopropylidene-a-O-ribo-3-hexulofuranose hydrate 4S (5.0 g, 20.0 mmol) was 
dried by evaporation with dry toluene several times and was then dissolvedin dry THF 
(100 cm3). The Grignard reagent, 3 M solution of MeMgCl (14 cm3, 42~0 mmol) was 
added at 0 °C slowly with vigorous stirring. After the addition, the solution was stirred 
from 0 °C to room temperatu!e within 3 h. Saturated ammonium chloride (40 cm3) 
was added to the cooled solution slowly. The resulting mixture was filtered and the 
filtrate was extracted with chloroform (3 x 50 cm3), dried with anhydrous MgS04 
filtered and the filtrate was concentrated to give white crystals. The crude product was 
recrystallised with a minimum quantity of h,ot hexane, y~elding the ti!le compound 46 
:'... . . 
as white needles (4.7 g, 85%). m.p. 103°C' (lit.,46 105-107 CC); [a]n23 + ~O (c 1.0, 
CRCI3), [ lit.,46 [a]o + 22 (c 1.0, CHCI3)]; Rf 0.17 [diethyl ether: n-hexane (1:1 
v/v)]; Vrnax (film)/cm-1 3481 (OH); OH (250 MHz) 1.29 (3R, s), 1.35 (3H, s), .45 
(3H, s), 1.59 (3H, s), 2.68 (lH, s), 3.77 (lH, d, J 7.0), 3.93 (lR, dd, J 8.5, 10.9), 
4.10--4.14 (2H, m), 4.18 (lH, d, J 3.6), 5.70 (lR, d, J 3.7); m/z (El) 259 (5.5%, M+ 
-Me). 
3-0-AUyl-1 ,2;5 ,6-di -O-isopropylidene-3-C-methyl-a-n-allofuranose 47.-
Sodium hydride (0.5 g, 20.8 m~ole) was washed with dry hexane (5 cm3) and 
suspended in dry THF (20 cm3) under nitrogen at 0 cC. A solution of the alcohol 46 
(1.7 g, 6.0 mmol) in THF (10 cm3) was added dropwise and the reaction mixture was 
left to stir at room temperature for half an hour. Allyl bromide (1.10 cm3, 12.0 mmol) 
was added dropwise and the mixture was refluxed for 12 h. Methanol (1.0 cm3) was 
then added slowly followed by the addition of water (5 cm3). The aqueous layer was 
extracted with chloroform (5 x 20 cm3). The combined extracts were washed with 
brine, dried over MgS04, and filtered. Concentration of the fil~ate followed by flash 
, chromatography (1:1, n-hexane : diethyl ether v/v) afforded the title compound 47 as 
-a pale yellow oil (1.6 g, 80%), (Found: C, 61.3; H, 8.3. C16H2606 requires e, 61.1; 
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H, 8.3%); [0.]023 + 69 (c 0.9, CHCI3); Rf 0.45 [diethyl ether: n-hexane (1:1 v/v)]; 
Vmax (film)/cm-1 1456 (C=C); BH (250 MHz) 1.27 (3R, s), 1.33 (3R, s), 1.35 (3H, 
s), 1.43 (3H, s), 1.57 (3H, s), 3.94-4.16 (7H, m), 4.25 (lH, d, J 3.7), 5.12 (lH, 
dq, J 1.8, 10.0), 5.32 (lH, dq, J 1.8, 24.7), 5.67 (lH, d, J 3.7), 5.88-6.03 (lH, m) ; 
m/z (El) 299 (59.4%, M+- Me) . . 
3-0-Allyl-1,2-di-O-isopropylidene-3-C-methyl-a-D-alloJuranose 48.-3-0-
Allyl-1,2;5,6-di-0-isopropylidene-3-C-methyl-a-0-allofuranose 47 (1.0 g, 3.18 
mmol) was dissolved in 90% aqueous acetic acid (20 cm3) and the solution was stirred 
at room temperature for 12 h. The acetic acid was removed in vacuo, giving a yellow 
syrup. The crude product was purified by flash chromatography to yield the title 
compound 48 as a pale yellow syrup (0.8 g, 90%). (Found: C, 56.0; H, 8.1. 
C13H2206 requires C, 56.9; H, 8.1 %); [a]023 + 88 (c 1.8, CHCI3); Rf 0.26 [diethyl 
ether: n-hexane (3: 1 v/v)]; Vrnax (film)/cm-1 3508 (OH) ; BH (250 NlHz) 1.32 (3H, s), 
1.34 (3H, s), 1.58 (3H, s), 3.64-3.85 (5H, m), 3.98 (lH, d, J 8.5), 4.29 (lH, d, J 
3.7),5.14-5.20 (lH, dq, J 1.5, 10.0),5.24-5.33 (lH, dq, J 1.5,17.2),5.69 (lH, d, 
J 3.7), 5.87-6.02 (lH, m); m/z (El) 245 (7.6%, M+ - Me). 
3-0-Allyl-1 ,2-0-isopropylidiene-3-C-methyl-a-0-xylo-pentodialo-1 ,4-furanose 
49.-3-0-Allyl-1,2-di-O-isopropylidene-3-C-methyl-a-0-allofuranose 48 (0.5 g, 1.8 
mmol) was dissolved in dioxane/water (30 cm3, 3:2 v/v). Sodium metaperiodate (0.5 
g, 2.3 mmol) was added to the solution. The solution was stirred vigorously and a 
white precipitate was formed. The solution was allowed to stir for 4 h at room 
temperature and then filtered. The filtrate was concentrated to give a pale yellow 
syrup (0.4 g, 85%), Rf 0.47 [diethyl ether: n-hexane (1:1 v/v)]. The product was 
used in the next stage without purification. 
Isoxazolidine 50.-Aldehyde 49 (100 mg, 0.4 mol) and N-
rnethylhydroxylamine hydrochl~ride (0.1 g, 1.3 mmol) were suspended in 83% 
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aqueous ethanol (10 cm3). Sodium hydrogen carbonate was added until pH 8 
(universal pH paper) was reached. The solution was heated to reflux for 4 h, then 
filtered and extracted with chloroform (3 x 30 cm3)~ The combined extracts were 
dried, filtered and the flitrate was concentrated. The crude product was purified by 
flash chromatography, yielding the title compound SO as white crystals (78 mg, 70 
%), m.p. 129-131 °C; (Found: C, 57.5; H, 8.0; N, 5.1. C13H210SN requires C, 
57.6; H, 7.8; N, 5.1 %); [cx]o23 - 22 (c 1.1, CHCI3); Rf 0.39 (ethyl acetate); Vmax 
(film)/cm -1 1376 (C-N); OH (250 MHz) 1.15 (3H, s), 1.29 (3R, s), 1.60 (3H, s), 
2.81 (3H, s), 3.12-3.24 (lH, m), 3.45-3.51 (IH, m), 3.94 (lH, s), 3.97 (lH, d, J 
8.2), 4.14 (2H, t, J 8.5), 4.21 (IH, d, J 10), 4.23 (IH, d, J 3.4), 5.75 (IH, d, J 3.4); 
Bc (250 MHz) 18.9, 25.8, 26.1, 41.3, 43.5, 64.4, 65.7, 67.6, 74.3, 77.7, 82.3, 
104.7, 113.0; m/z (El) 271 ( 100%, M+). 
3-0-Allyl-l ,2; 5 ,6-di-O-isopropylidene-cx-0-glucofuranose 51.47_1,2:5,6-Di-
O-isopropylidene-cx-o-glucofuranose 44 (3 g, 11.6mmol) was dissolved in dry THF 
(50 cm3). Sodium hydride (1.5 g) and allyl bromide (2.2 cm3, 24 mmol) were added 
in sequence. The mixture was heated to reflux for 6 h. Saturated ammonium solution 
was added very slowly and the solution was extracted with chloroform (3 x 50 cm3), 
dried over anhydrous MgS04 al1:d filtered. The filtrate was concentrated to give a 
yellow syrup. The crude product was purified by flash chromatography to yield the 
title compound 51 as a yellow syrup (3.0 g, 85 %), [CX]023 - 24 (c 1.1 , CHCI3) 
(optical rotation was not reporteg);47 Rf 0.57 [diethyl ether: n-hexane (1: 1 v/v)]; V 
max (film)/cm-1 1470 (C=C); OH (250 MHz) 1.30 (3H, s), 1.34 (3H, s), 1.41 (3R, s), 
1.48 (3H, s), 3.92-4.14 (6H, m), 4.30 (1H, q, J 4.3),4.53 (IH, d, J 3.7), 5.19 (lH, 
dt, J 1.4, 10.4), 5.30 (IH, dt, J 1.5, 17.3), 5.81-5.97 (IH, m), 5.88 (IH, d, J 3.9); 
m/z (El) 285 ( 40.6%, M+ - Me). 
3-0-Allyl-l ,2-0-isopropylidene-cx-o-glucofuranose 52.-3-0-Allyl-1,2;5,6-
di-O-isopropylidene-cx-O-glucofuranose 51 (1.0 g, 3.3 mmol) was dissolved in 
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aqueous 90% acetic acid (20 cm3) and the resulting solution stirred at room temperature 
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for 12 h. The acetic acid was then removed in vacuo, giving a yellow syrup. The 
crude product was purified by flash chromatography to yield the title compound 52 as a 
pale yellow syrup (0.8 g, 93%). (Found: C, 55.4; H, 8.0. C12H2006 requires C, 
55.4; H, 7.7%); [a]D23 - 46 (c 1.6, CHCI3); R f 0.29 [diethyl ether: n-hexane (3:1 
v/v)] ; Vmax (film)/cm-1 3425 (OH); OH (250 MHz) 1.27 (3H, s), 1.45 (3H, s), 3.71 
(2H, qd, J 3.2, 11.5),3.91-4.16 (5H, m), 4.51 (lH, d, J 3.8),5.18 (1H, dd, J 1 0, 
10.3),5.28 (lH, dd, J 1.1, 17.4),5.79-5.92 (lH, m), 5.87 (lH, d, J 3.8); m/z (El) 
245 (6.7%, M+ - Me). 
3-0-Allyl-1,2-0-isopropylidene-3-C-methyl-a-D-arabino-pentodialdo-1,4-
furanose 53.-3-0-AUyl-1,2-0-isopropylidene-a-D-glucofuranose 52 (0.5 g, 1.9 
mmol) was suspended in dioxane/water (30 cm3, 3:2 v/v). Sodium metaperiodate (0.5 
g, 2.3 mmol) was added to the solution. The solution was stirred vigorously and 
white precipitate was formed. It was allowed to stir for 4 h at room temperature. The 
solution was filtered and the filtrate was concentrated to give a pale yellow syrup (0.3 
g, 70%); RfO.29 [diethyl ether: n-hexane (1:1 v/v)]. The product was used in the next 
stage without purification. 
Isoxazolidine 54 and 55.-Aldehyde 53 (100 mg, 0.4 mmol) and N-
methylhydroxylamine hydrochloride (0.1 g, 1.3 mmol) were suspended in 83% 
ethanoVwater (10 cm3). Sodium-hydrogen carbonate was added until pH 8 (universal 
pH paper) was reached. After refluxing for 7 h, the solution was filtered and extracted 
with chloroform (3 x 30 cm3). . The combined extracts were dried over anhydrous 
MgS04, filtered, and the filtrate was concentrated. The crude product was purified by 
flash chromatography, yielding the title compounds 54 (4.8 mg, 6%) and 55 as white 
crystals (74.5 mg, 64%). 
54 (Found: C, 56.0; H, 7.4; N, 5.3. C12H190SN requires: C, 56.0; H, 7.4; 
N,5.4%); m.p. 104-105 °C; [a]D23 - 68 (c 1.0, CHCI3) ;Rf 0.47 [diethyl ether: n-
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hexane (5:2 v/v)]; Vrnax (film)/cm-1 1387 (C-N); BH(250 MHz) 1.26 (3H, s), 1.44 
,. 
(3H, s), 2.71 (3H, s), 2.71-2.80 (lH, m), 2.92 (lH, d, J 6.0), 3.42 (lH, q, J 11.5), 
3.69 (lH, d, J 6.2), 3.74 (lH, d, J 6.0), 3.93 (2H, s), 3.98 (lH, q, J 9.0), 4.48 (lH, 
d, J 3.5), 5.83 (lH, d, J 3.6 Hz); Bc (250 MHz) 26.0, 26.7, 39.3, 44.8, 65.4, 67.2, 
73.3,77.1,84.0,104.4,111.7; m/z (El) 257 (40.7%, M+). 
55 (Found: C, 56.0; H, 7.6; N, 5.4. C12H190SN requires: C, 56.2; H, 7.4; 
N, 5.4%); m.p. 77-77.5 °C; [a]o23 - 54 (c 1.1, CHCI3); Rf 0.42 [diethyl ether: n-
hexane (5:2 v/v)]; Vrnax (film)/cm- 1 1387 (C-N); BH (250 MHz) 1.30 (3H, s), 1.49 
(3H, s), 2.38-2.44 (lH, m), 2.60 (lH, d, J 12.4), 2.67 (3H, s), 3.52-3.66 (3H, m), 
4.03 (lH, s), 4.16 (lH, m), 4.42 (lH, d, J 3.7), 4.56 (lH, dd, J 2.5, 8.8), 5.89 (lH, 
d, J 3.7); OC(250 MHz) 26.0, 26.4, 45.7, ~5:3, 72.3, 78.6, 79.2, 82.2, 84.4, 104.1, 
111.5; m/z (El) 257 (10.2%, M+), 242 (6.7%, M+ - Me). 
3-0-Allyl-1,2-isopropylidene-3-C-methyl-a-O-allojuranose-5,6-carbonate 
56.-A solution of 3-0-allyl-1,2-0-isopropylidene-3-C-methyl-a-o-allofuranose 48 
(2.0g, 7.3 mmole), triethylamine (2.9 g, 29.1 mmole) in dichloromethane (50 cm3) 
was stirred at 0 °C followed by dropwise addition of a solution of ethyl chloroformate 
(6.2 g, 56.7 mmole) in dichloromethane (10 cm3). The reaction mixture was left to 
stir at room temperature for 3 h. Water (10 cm3) was added to destroy the excess of 
ethyl chloroformate. The organic phase was separated and the aqueous phase extracted 
with dichloromethane (5 x 20 cm3). The combined organic extracts were washed with 
brine and dried over MgS04, fihered, and solvent removed from the filtrate under 
reduced pressure. The crude residue was purified by flash chromatography (diethyl 
ether: n-hexane, 3:1 v/v) to afford 56 as a yellow solid (1.7 g, 78%), recrystallised 
from ethyl acetate/n-hexane to give white needles 56, m.p. 64.5-65.0 °C; (Found: C~ 
55.6; H, 6.9. C1407H20 requires C, 56.0; H, 6.7%); [a]o23 + 32 (c 1.15, CHCI3); 
Rf 0.3 [diethyl ether: n-hexane (4:1 v/v)]; V max (film)/ cm-1 1803 (C=O); BH(250 
MHz) 1.10 (3H, s), 1.27 (3H, s), 1.50 (3H, s), 4.02 (lH, d, J 4.9), 4.20 (lH, d, J 
4.9), 4.23 (lH, d, J 3.6), 4.40 (lH, d, J 4.5), 4.43 (2H, dd, J 6.2, 11.5), 4.68-4.76 
56 
(lH, m), 5.10 (lH, dd, J 1.6, 11.25), 5.27 (lH', dd, J 1.6, 10.3), 5.66 (lH, d, J 
3.6), 5.79-5.94 (lH, m); m/z (El) 300 (3.2%, M+). 
3-0-Allyl-3-C-methyl-a-D-allofuranose-5,6-carbonate 57.-Carbonate S6 
(1.7 g, 5.7 mmol) was dissolved in 90% aqueous TFA (10 cm3) and t~e solution 
stirred at room temperature for 8 h. The 1FA was removed in vacuo, giving a yellow 
syrup. The crude product was purified by flash chromatography (4: 1, ethyl acetate: n-
hexane v/v) to give the title compound 57 as a pale yellow syrup (1.3 g, 90%); 
(Found: C, 50.4; H, 6.2. CI107H16 requires C, 50.8; H, 6.2%); [a]D23 + 5 (c 
5.56, CHCI3); Rf 0.32 [ethyl acetate: n-hexane (4:1 v/v)]; Vrnax (film) / cm-1 3450 
(OH), 1800 (C=O); OH(250 MHz) 1.38 (3~, s), 3.7~-4.15 (4H, m), 4.3~.52 (3H, 
m), 5.12-5.30 (3H, m), 5.77-5.92 (lH, m); m/z (El) 232 ( 36.8%, M+- CO). 
2-0-Allyl-Olormyl-2-C-methyl-aldehydo-D-ribo-pentose-5-carbonate 58.-To 
a stirred solution of compound 57 (1.3 g, 5.1 mmol) in dioxane-water (3:2 v/v, 30 
cm3) at room temperature was added sodium metaperiodate (1.3 g, 6.1 mmol). The 
solution was allowed to stir at room temperature. Sodium iodate percipitated out of the 
solution during the reaction and then was filtered off. The filtrate was extracted with 
chloroform (5 x 20 cm3), dried over MgS04 and filtered. Solvent was removed from 
the filtrate under reduced pressure,. leaving a pale yellow syrup which was used in the 
next stage without purification, RfO.67 [ethyl acetate: n-hexane (4:1 v/v)]. 
4-0-Allyl-4-C-methyl-L-ribo-pentitol-1 ,2-carbonate 59.-To a stirred solution 
of the unpurified aldehyde 58 in ethanol-water (3:1, v/v 20 cm3) at 0 °c, was added 
, sodium borohydride (194 mg, ca. 1 equivalent- assuming ca. 1.3 g of aldehyde 
present). After 4 h, glacial acetic acid (0.5 cm3) was added to destroy the excess of the 
borohydride and then all solvents were removed under reduced pressure, leaving a 
yellow syrup. The crude product was purified by flash chromatography to afford the 
title compound 59 (3:1, diethyl ether: n-hexane v/v) as a pale yellow syrup (0.8 g, 
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76% from the diol 57); (Found: C, ; H,. C1006H16 requires C, 51.7; H, 7.0); 
[a.]D23 + 52 (c 2.48, CHCI3); Rf 0.17 [diethyl ether: n-hexane (3: 1 v/v)]; Vmax (film)/ 
cm-1 1786 (C=O), 3431 (OH); BH(250 MHz) 1.10 (3R, s), 3.56 (2H, s), 3.94 (2H, d, 
J 3.6), 4.02-4.27 (lH, m), 4.39 (lH, dd, J 8.4, 16.8), 4.59 (lH, t, J 8.0, 16.0), 
4.92-5.24 (3R, m), 5.75--5.90 (lH, m); m/z (El) 204 (36.8%, M+ - CO) . . 
4-0-Allyl-4-C-methyl-L-ribo-pentitoI60.-To a stirred solution of the 
carbonate 59 (50 mg, 0.2 mmole) in methanol (3 cm3) was added potasssium 
carbonate (180 mg, 0.3 mmole) and left to stir at room temperature for half an hour, 
after which time the reaction was complete. The methanol was removed under reduced 
pressure and the product was extracted from the residue with dichloromethane (5 x 5 
cm3) and dried over MgS04 and filtered. The filtrate was concentrated and the residue 
was purified by flash chromatography (5:1, ethyl acetate: methanol v/v) to afford the 
title compound 60 as a colourless oil (27.8 mg, 62%), (Found: C, ; H,. C90 5R 18 
requires C, 52.4; H, 8.8); [a]n23 + 12 (c 1.54, CHCI3); Rf 0.6 [ethyl acetate: n-
hexane (4:1 v/v)]; V max (film)/ cm-1 3450 (OH), 1640 (C=C); B(250 MHz) 1.76 (3H, 
s), 3.63 (2H, s) , 3.77-3.86 (3H, m), 4.00 (2H, d, J 5.5), 4.61 (lH, d, J 8.8), 5.14 
(lH~ d, J 10.0), 5.25 (lH, d, J 17.2),5.80-5.96 (lH, m); rn/z (El) 175 (12.1 %, M+-
CR20H). 
4-0-Allyl-1,2-0-isopropylidene-4-C-methyl-L-ribo-pentitoI 62.-To a stirred 
solution of the tetraol 60 (27.8 -mg, 0.1 mmole) in dry acetone (2 cm3), (±)-10-
camphorsulphonic acid (spatular tip) was added. The solution was left to stir at room 
temperature for half an hour, after which time the reaction was complete. Concentrated 
NH 3 (0.5 cm3) was added to neutralis.e the sulphonic acid and the acetone · was 
removed under reduced pressure, leaving a yellow syrup. The crude residue was 
purified by flash chromatography (3:2, n-hexane : ethyl acetate v/v) to afford the title 
co mpo und 62 as a colourless oil (28.7 mg, 86 %), (Found: C, 58.1; H, 9.1. 
C120 5H22 requires C, 58.5; H, 9.0%); [a.]n23 + 26 (c 2.78, CHCI3); Rf 0.24 (n-
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hexane : ethyl acetate (2:1 v/v)]; Vrnax (fihn)/cm-1 3459 (OH), 1650 (C=C); 
~H(250l\lliz) 1.19 (3H, s), 1.30 (3H, s), 1.35 (3H, s), 3.55' (lH, t, J 7.0), 3.62 (2H, 
d, J 4.5), 3.94 (2H, d, J 7.3), 4.06 (lH, dd, J 6.2, 10.0), 4.20 (lH, q, J 6.8), 5.09 
(lH, dd, J 1.3, 10.0) , 5.21 (lH, dd, J 1.8, 20.0), 5.77-5.91 (lH, m); m/z (El) 231 
(17.3%, M+ - Me). 
4-0-Allyl-3,5-di-O-benzyl-l,2-0-isopropylidene-4-C-methyl-L-ribo-pentitol 
63.-Sodium hydride (161.4 mg, 6.7 mmole) was washed with dry hexane (5 cm3) 
and suspended in dry THF (20 cm3) under nitrogen at 0 °C. A solution of the alcohol 
62 (373.2 mg, 1.5mmole) in THF (10 cm3) was added dropwise and the reaction 
mixture was left to stir at room temperature for half an hour. Benzyl bromide (1.1 ml, 
12.0 mmol) was added dropwise and the mixture was refluxed for 12 h. Methanol 
(1.0 cm3) was added slowly and was followed by the addition of water (5 cm3). The 
mixture was extracted with chloroform (5 x 20 cm3). The combined extracts were 
washed with brine, dried over MgS04 and filtered. Concentration of the filtrate 
followed by flash chromatography (1: 1 n-hexane : die thy I ether v/v) afforded the title 
compound 63 as a pale yellow syrup (414 mg, 80%); (Found: C, 73.3; H, 8.2. 
C2605H34 requires C, 73.2; H, 8.0%); [0.]023 - 4 (c 4.68, CHC13); Rf 0.35 [diethyl 
ether: n-hexane (1:1 v/v)]; Vrnax (film)/ cm-! 1650, 2985 (C=C); oH(250 MHz) 1.26 
(3H, s), 1.34 (3R, s) , 1.43 (3H, s'), 3.40 (2H, s), 3.86-4.02 (4H, m), 4.14 (lH, d, J 
1.4), 4.46 (2H, d, J 1.8), 4.42-4.52 (IH, m), 4.56 (lH, d, J 11.3), 4.90 (IH, d, J 
11.3),5.05 (IH, dd, J 1.5, 10.5),5.19 (IH, dd, J 1.8, 13.9), 5.76-5.92 (IH, m), 
7.14-7.26 (10H, m); m/z (El) 305 (7.4%, M+ - CH2C6HS - 2Me). 
2-0-Allyl-l ,3-di-O-benzyl-2-C-methyl-o-ribo-pentitol 64.-Compound 63 
(400 mg, 1.0 mmol) was dissolved in aqueous 80% acetic acid (10 cm3) and the 
solution was stirred at room temperature for an hour. The acetic acid and water were 
removed in vacuo, giving a yellow syrup. The crude product was purified by flash 
chromatography (3:1, ethyl acetate: n-hexane v/v), yielding the title compound 64 as a 
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pale yellow syrup (336 mg, 85%), (Found: C, 71.6; H, 7.9. C2305H30 requires C, 
71.5; H, 7.8); [ex]023 - 0.3 (c 12.11, CHC13); Rf 0.29 [ethyl acetate: n-hexane (3:1 
v/v)]; Vrnax (film)/cm-1 3441 (OH); OH(250 MHz) 1.26 (3H, s), 3.55 (2H, s), 3.69-
3.99 (IH, m), 3.96 (2H, s), 4.04 (2H, d, J 8.3), 4.51 (2H, dd, J 12.1, 19.6), 4.53 
(2H, s), 4.59 (lH, d, J 11.2), 4.72 (lH, d, 11.2), 5.15 (lH, d, J 11.1), 5.29 (lH, d, 
J 18.5), 5.82-5.98 (lH, m), 7.21-7.34 (10R, m); rn/z (El) 265 (4.6 %, M+-
CH2C6HS - CHOH). 
3-0-Allyl-2,4-di-O-benzyl-3-C-methyl-aldehydo-D-ribo-butanose 65.-To a 
stirred solution of compound 64 (260 mg, 1.1 mmol) in dioxane-water (3:2 v/v, 30 
cm3) at room temperature was added sodium metaperiodate (286.6mg, 1.3 mmol). 
The solution was allowed to stir at room temperature. Sodium iodate percipitated out 
of the solution during the reaction and was filtered off. The filtrate was extracted with 
chloroform (5 x 20 cm3) and dried over MgS04 and filtered. The filtrate was 
concentrated under reduced pressure leaving a pale yellow syrup which was 
immediately used in the next stage without purification, Rf 0.44 [n-hexane : ethyl 
acetate (3: 1 v/v)]. 
Isoxazolidine 66.-.Aldehyde 65 (100 mg, 0.4 mol) and N-
methylhydroxylamine hydrochloride (0.1 g, 1.3 mmol) were dissolved in 83% aqueous 
ethanol (10 cm3). Sodium hydrogen carbonate was added until pR 8 (universal pH 
paper) was reached. The solution was heated to reflux for 4 h. It was filtered and 
extracted with chloroform (3 x 30 cm3), dried over anhydrous MgS04, filtered and the 
filtrate was concentrated. The crude product was purified by flash chromatography, 
yielding the title compound 66 as a pale yellow syrup (78 mg, 70%); (Found: C,72.1; 
H, 7.6; N, 3.4. C23H2904N requires C, 72.0; H, 7.6; N, 3.7%) [ex]D23 - 10 (c 1.18, 
CHCI3); Rf 0.34 (3:1 diethyl ether: n-hexane); Vrnax (film)/ cm- l 1453 (C=N); OH(250 
MHz) 1.09 (3H, s), 2.54 (3H, s), 2.86--2.92 (lH, m), 3.20 (lH, dd, J 7.6, 15.8), 
3.40 (lH, d, J 10), 3.52 (lH, d, J 10), 3.71 (lH, d, J 8.8), 3.76 (lH, dd, J 7.7, 
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15.4), 3.84 (lH, d, J 3.0), 3.90 (lH, dd, J 4.2~ 12.6), 4.20 (lH, dd, J 7.5, 9.42), 
4.53 (2H, dd, J 12.2,22.5),4.55 (lH, d, J 11.6),5.00 (lH, tI, J 11.6), 7.15-7.21 
(10H, m); rn/z (El) 292 (22.4%, M+- CH2C6HS), 256 (28.0%, M+ - Me). 
3-0-AllyI-1 ,2-0-isopropyIidene-3-C-methyl-a-D-arabino-pentodialdo-1 ,4-
furanose Oxime 67.-Hydroxylamine hydrochloride (224 mg, 3.2 mmol) and then 
sodium carbonate (324 mg, 3.9 mmol) were added to a solution of unpurified aldehyde 
S3 (243 mg, 1.1 mmol) in ethanol (40 cm3) and water (5 cm3). The reaction mixture 
was heated under reflux for 1 h, after which time reaction was complete. The reaction 
mixture was cooled, concentrated under reduced pressure and extracted with 
dichloromethane (3 x 15 cm3). The combined ~xtracts were washed with brine, dried 
over anhydrous MgS04 and filtered. After dichloromethane was removed from the 
filtrate under reduced pressure, the residue was purified by flash chromatography (ethyl 
acetate: n-hexane, 4:3 v/v) to give the solid oxime 67 as a 1:2 anti-/syn- mixture (by 
NMR) ( 119 mg, 86 % from diol 52). Recrystallisation from n-hexane with a few 
drops of diethyl ether gave colourless needles 67, m.p. 9~91 QC; (Found: C, 54.2; H, 
7.1; N, 5.7. CII05H17N requires C, 54.3; H, 7.0; N, 5.8%); [a]D23 -17 (c 1.0, 
CHCI3); Rf 0.32 [n-hexane : ethyl acetate (4:3 v/v)]; Vrnax (film)/cm-1 3220 (OH), 
1650 (C=N), 1450 (C=C); OH(250MHz) 1.26 (3H, s), 1.44 (3H, s), 3.91-4.00 (3H, 
m), 4,54 (lH, dd, J 3.7, 5.2), 5.09-5.25 (3H, m), 5.68-5.82 (lH, m), 5.92 (lH, d, 
J 3.6), 6.86 (O.64H, d, J 4.0), 7.50 (0.36H, d, J 7.4); m/z (El) 243 (16.3%, M+). 
Isoxazoline 68.-To a solution of oxime 67 (100 mg, 0.4 mmol) in 
dichloromethane (10 cm3), at room temperature, was added a catalytic amount of 
triethylamine (5 JlI), and was followed by dropwise addition of 10% aqueous sodium 
hypochlorite (920mg, 12.3 mmol). The reaction mixture was refluxed overnight and 
then cooled. The organic materials were extracted with dichloromethane (3 x 20 cm3). 
The combined organic extracts were dried over anhydrous MgS04 and filtered. The 
solvent was removed from the filtrate under reduced pressure. The crude residue was 
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purified by flash chromatography (dichloromethane) to afford the title compound 68 
, as a white solid (84.3 mg, 85%). Recrystallisation from 1: 1 n-hexane/ diethyl ether 
(v/v) gave colourless needles 68; m.p. 124.5--125 °C; (Found: C, 54.7; H, 6.4; N, 
5.8. C11 05H 15N requires C, 54.8; H, 6.3; N, 5.8%); [a]o23 + 17 (c 1.0, CHC13); 
Rf 0.28 [n-hexane : diethyl ether (4:3 v/v)]; Vrnax (film)/cm-1 1650 (C=N); oH(250 
MHz) 1.29 (3H, s), 1.48 (3H, s), 3.26 (lH, t, J 10.9), 3.53-3.67 (lH, m), 3.81 (lH, 
t, J 9.4), 3.95 ( 1H, d, J 1.9),4.16 (lH, dd, J 6.2, 10.7), 4.47 (lH, dd, J 8.4, 10.7), 
4.54 (lH, d, J 3.6), 4.93 (lH, d, J 1.9), 5.94 (lH, d, J 3.6); m/z (El) 241 (22.3%, 
M+). 
3-0-Allyl-1 ,2-0-isopropylidine-3-C-methyl-a-o-xy~o-pentodialo-l,4-furanose 
Oxime 70.-Hydroxylamine hydrochloride (672 mg, 9.7 mmol) and then sodium 
carbonate (975 mg, 11.6 nunol) were added to a solution of unpurified aldehyde 49 
(771 mg, 3.2 mmol) in ethanol (40 cm3) and water (5 cm3). The reaction mixture was 
heated under reflux for 1 h, after which time the reaction was complete. The reaction 
concentrated under reduced pressure, and extracted with dichloromethane (3 x 15 cm3). 
The combined extracts were washed with brine, dried over anhydrous MgS04 and 
filtered. After the solvent was removed from the filtrate under reduced pressure, the 
residue was purified by flash chromatography (ethyl acetate: n-hexane, 4:3 v/v) to give 
the solid oxime 70 as a 6:1 syn-/anti- mixture (by NMR) (607.5 mg, 57.8 % from diol 
48). Recrystallisation from n-hexane with a few drops of diethyl ether gave colourless 
needles 70, m.p. 71-72 °C; (Fo,:!nd: C, 55.8; H, 7.3; N, 5.3. C1205H19N requires 
C, 56.0; H, 7.4; N, 5.6 %); [a]o23 + 6 (c 1.0, CHCI3); Rf 0.37 [n-hexane : ethyl 
acetate (4:3 v/v)]; Vmax (film)/cm-1 3440 (OH), 1650 (C=N), 1450 (C=C); OH(250 
MHz) 1.16 (3H, s), 1.44 (3H, s), 1.82 (3H, s), 4.01 (2H, d, J ~.8), 4.25 (lH, d, J 
3.6), 4.59 (IH, d, J 5.9), 5.08 (IH, dd, J 1.3, 10.3), 5.22 (IH, dd, J 1.3, 15), 5.70 
(IH, d, J 3.6), 5.80--5.95 (IH, m), 6.68 (0.14H, d, J 6.4), 7.31 (0.86H, d, J 5.9); 
m/z (El) 257 (2.3%, M+). 
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Isoxazoline 71.-To a solution of oxime 70 (250 mg, 0.76 mmol) in 
dichloromethane (20 cm3), at room temperature, was added a catalytic amount of 
triethylamine (5 ~l) followed by dropwise addition of 10% aqueous sodium 
hypochlorite (2.19g, 29.4 mmol). The reaction mixture was refluxed overnight and 
then cooled. The organic materials were extracted with dichloromethane (3. x 20 cm3). 
The combined organic extracts were dried over anhydrous MgS04 and filtered. The 
solvent was removed from the filtrate under reduced pressure. The crude residue was 
purified by flash chromatography (dichloromethane) to afford the title compound 71 as 
a white solid (117.7 mg, 61 %). Recrystallisation from 1:1 n-hexane : ethyl acetate 
(v/v) gave colourless needles, m.p. 173-174°C. (Found: C, 56.2; H, 6.7; N, 5.3. 
C1205H 17N requires C, 56.5; H, 6.7; N, 5.5%);' [a]D23 - 16 (c 1,0, CHCl3 ); Rf 
0.23 [n-hexane : ethyl acetated (4:3 v/v)]; Vmax (film)/cm-1 1650 ( C=N); oH(250 
MHz) 1.21 (3H, s), 1.37 (3H, s), 1.62 (3H, s), 3.44-3.60 (lH, m), 3.74 (lH, dd, J 
11.4, 23.3), 3.74 (lH, dd, J 5.2, 11.3), 4.32 (lH, dd, J 7.8, 10.0), 4.46 (lH, d, J 
3.4), 4.55 (lH, dd, J 8.3, 10.3), 4.67 (lH, s), 5.86 (lH, d, J 3.4); m/z (El) 255 
(0.7%, M+). 
1,2: 5 ,6 -D i -0-Iso p ropy li de n e -a -D -a II 0 fur a nos e 72.44_1,2: 5 ,6-Di -0-
isopropylidene-a-D-glucofuranose 44 (3.1g, 2.0 mmol) was suspended in dry 
dichloromethane and pyridinium dichromate (6.80g, 18.0 mmol), powdered 4A 
molecular sieves (9 g) and glacial acetic acid (0.5 cm3) was added slowly. A silica gel 
drying tube was placed at the flask and the mixture was stirred at room temperature. 
The reaction was exothennic, refluxing gently initially and the orange colour of the 
solution turned to dark brown within 5 min. The solution was allowed to stir for 24 
hours and then Celite (3 g) was added and stirred for 10 more min. The solution was 
suction filtered through silica gel and the solvent was removed under reduced pressure. 
The residue was dissolved in ethanol-water (3: 1, v/v 20 cm3) at 0 °C and sodium 
borohydride (288 mg, ca. 1 equivalent- assuming ca. 3.0 g of aldehyde present) was 
added. After 4 h, glacial acetic acid (0.5 cm3) was added to destroy the excess of 
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borohydride and than all solvents were removed under reduced pressure, leaving a 
, yellow syrup. The crude product was purified by flash chromatography (3: 1, diethyl 
ether: n-hexane v/v) to afford the title compound 72 as a white solid (2.3 g, 75 % base 
on 44). Recrystallisation from ethyl acetate/n-hexane gave colourless needles 72, 
m.p.75-76 °C, (lit.,44 m.p. 75-76 °C); [a]o23 + 42 ( c 0.97, CHCI3), [lit.,44 [a]o25 
+ 37.8 (c 1.0, CHCI3)]; Rf 0.32 [diethyl ether: n-hexane (3:1 v/v)]; OH(CDCI3) 1.38, 
1.39, 1.47 and 1.59 (4Me, s), 1.57 (lH, d, J 8.4), 3.82 (lH, dd, J 4.7, 8.5), 3.99-
4.12 (3H, m), 4.32 (lH, dt, J 4.8, 6.5), 4.62 (lH, dd, J 5, 5); m/z (El) 245 (100%, 
M+-Me). 
3-0-Allyl-1,2: 5,6-di-O-isopropylidene-a-o-alloJuranose 73.-Sodium 
hydride (0.5 g, 20.8 mmole) was washed with dry hexane (5 cm3) and suspended in 
dry THF (20 cm3) under nitrogen at 0 °C. A solution of alcohol 72 (1.7 g, 6.0 mmol) 
in THF (10 cm3) was added dropwise and the reaction mixture was left to stir at room 
temperature for half an hour. Allyl bromide (1.1 cm3, 12.0 mmol) was added slowly 
and the mixture was refluxed for 2 h. Methanol (1.0 cm3) was added and was 
followed by addition of water (5 cm3). The aqueous layer was extracted with 
chloroform (5 x 20 cm3). The combined extracts were washed with brine, dried over 
MgS04 and filtered. The filtrate .was concentrated and the crude product was purified 
by flash chromatography (3 : 2; n-hexane : diethyl ether v/v) to afford the title 
compound 73 as yellow solids (1.8 g, 96%). Recrystallisation from ethyl acetate/n-
hexane gave yellow needles, m.p. 33°C, (Found: C, 60.1; H, 8.3. C12H2006 requires 
C, 60.0; H, 8.1 %); [a]o23 + 96 (c 1.2 , CHCI3); Rf 0.45 [diethyl ether: n-hexane (1:1 
v/v)] ; Vmax (film)/cm-1 1456 (C=C); OH (250 MHz) 1.36 (3H, s), 1.38 (3H, s), 1.46 
(3H, s), 1.59 (3H, s), 3.90 (lH, dd, J 4.4, 8.7),4.01-4.14 (4H, m), 4.23 (lH, ddt, J 
1.2, 5.9 and 12.6),4.40 (lH, dt, J 3.0, 7.1), 4.63 (lH, t, J 4.1), 5.24 (lH, dq, J 1.6, 
10.4), 5.28 (lH, dq, J 1.6, 27.5), 5.78 (lH, d, J 3.7), 5.90-6.05 (lH, m); m/z (El) 
285 (30.2%, M+ - Me). 
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3-0-Allyl-1,2-0-isopropylidene-a-D-alloJuranose 7 4.-3-0-Allyl-1 ,2;5,6-di-
'" O-isopropylidene-a-D-allofuranose 73 (1.0 g, 3.3 nunol) was suspended in 90% 
aqueous acetic acid (20 cm3) and stirred at room temperature for 12 h. The acetic acid 
was removed in vacuo, giving a yellow syrup. The crude product was purified by 
flash chromatography to give the title compound 74 as a pale yellow syrup (0.6 g, 70 
%). (Found: C , 55.1; H, 7.4. C12H2006 requires C, 55.4; H, 7.7%); [a]D23 + 106 
(c 1.1, CHCI3); Rf 0.29 [diethyl ether: n-hexane (3: 1 v/v)] ; Vrnax (film)/cm-1 3420 
(OH); BiI(250 MHz) 1.36 (3H, s), 1.58 (3H, s), 3.89-3.94 (2H, m), 3.92 (lH, dd, J 
4.20, 8.60), 4.01-4.10 (3H, m), 4.25 (lH, ddt, J 1.0, 4.5 and 12.3), 4.64 (lH, t, J 
4.0), 5.27 (lH, dd, J 1.4, 16.3), 5.33 (lH, dd, J 1.4, 22.4), 5.27 (lH, d, J 3.7), 
5.87-6.03 (lH, m); m/z (El) 245 (16.2%, M+- Me). 
3-0-Allyl-1 ,2-0-isopropyUdene-a.-n-xy 10-pentodialo-1 ,41uranose 75.-3-
O-Allyl-1,2-di-O-isopropylidene-a-n-allofuranose 74 (0.5g, 1.8 mmol) was dissolved 
in dioxane/water ( 30 cm3, 3:2 v/v). Sodium metaperiodate (0.5 g, 2.3 mmol) was 
added to the solution. The solution was stirred vigorously and white precipitate was 
formed. The solution was allowed to stir for 4 h at room temperature then it was 
filtered and the filtrate was concentrated to give a pale yellow syrup (0.3 g, 70%), Rf 
0.50 [ethyl acetate: n-hexane (4: 1 v/v)]. The product was used in the next step 
without purification. 
3-0-Allyl-1 ,2-0-isopropyUdene-a-D-xylo-pentodialo-1 ,4-Juranose Oxime 
76.-Hydroxylamine hydrochloride (126 mg, 5.5 mmol) and then sodium carbonate 
(183 mg, 2.2 mmol) were added to a solution of the unpurified aldehyde 75 in ethanol 
(40 cm3) and water (5 cm3). The reaction mixture was heated under reflux for 1 h, 
after which time reaction was complete. The reaction mixture was cooled down, 
ethanol was removed under reduced pressure and the residue was extracted with 
dichloromethane (3 x 15 cm3). The combined extracts were washed with brine and 
dried over anhydrous MgS04 and filtered. After dichloromethane was removed from 
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the filtrate under reduced pressure, the residue was purified by flash chromatography 
(diethyl ether: n-hexane, 2:1 v/v) to give the solid oxime 76 as a (10:1) syn-Ianti-
mixture (by NMR) (304 mg, 65% from diol 74). Recrystallisation from n-hexane with 
a few drops of diethyl ether gave colourless needles 76, m.p. 128-129 °C; (Found: C, 
54.0; H, 6.9; N, 5.7. Cl1 05H 17N requires C, 54.3; H, 7.0; N, 5.8 %); [a]o23 - 161 
(e, 0.33, CHCI3); Rf 0.45 [diethyl ether: n-hexane (3: 1 v/v)]; Vrnax (film)/cm-l 3341 
(OH), 1450 (C=N); oH(250 MHz) 1.30 (3H, s), 1.55 (3H, s), 3.70 (lH, dd, J 4.3~ 
9.0), 4.00-4.15 (lH, m), 4.51 (lH, dd, J 6.6, 9.0), 4.58 (lH, t, J 3.9), 5.18 (lH, d, 
J 10.4), 5.23 ( 1H, d, J 11.6), 5.73 (lH, d, J 3.6), 5.77-5.92 (lH, m), 6.68 (O.lH, 
d, J 6.7), 7.2 (0.22H, s), 7.32 (0.9H, d, J 6.6); rn/z (El) 228 ( 3.2%, M+ - Me). 
Isoxazoline 77.-To a solution of oxime 76 (100 mg, 0.4 mmol) in 
dichloromethane (20 cm3), at room temperature, was added a catalytic amount of 
triethylamine (5 J.11) followed by dropwise addition of 10% aqueous sodium 
hypochlorite (290.4 mg, 3.9 mmol). The reaction mixture was stirred at room 
temperature overnight. The product was extracted with dichloromethane (3 x 20 cm3). 
The combined organic extracts were dried over anhydrous MgS04, filtered and solvent 
was removed from the filtrate under reduced pressure. The crude residue was purified 
by flash chromatography (3:1 diethyl ether: n-hexane) to afford the title compound 77 
as a white solid (117.7 mg, 61 % ). , Recrystallisation from 1: 1 n-hexane : ethyl acetate 
(v/v) gave colourless needles 77, m.p. 185-186.5 °C. (Found: C, 54.4; H, 6.4; N, 
5.7. C1205H 17N requires <:;, 5,4.8; H, 6.3; N, 5.8%); [a]o23 + 61 (c 0.32, CHCI3); 
Rf 0.32 [diethyl ether: n-hexane (3:1 v/v)]; Vrnax (film)/ cm-1 1500 (C=N) ; OH(250 
MHz) 1.32 (3H, s), 1.55 (3H, s), 3.17 (lH, ddd, J 1.0, 3.9 and 9.8), 3.38-3.54 (2H, 
m), 3.40 (lH, dd, J 6.8, 17.2), 3.77 (lH, dd, J 6.9, 18.0), 4.40 (lH, dd, J 5.8, 9.6), 
4.49 (2H, dd, J 9.8, 17.5),4.71 (lH, t, J 3.3),5.87 (1H, d J 2.9), oC(250 MHz) 
25.91, 26.16, 48.03, 69.53, 71.57, 73.86, 76.05, 83.05, 105.56, 114.23, 155.40; 
rn/z ( El) 241 ( 2.2%, M+). 
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1,2-0-Isopropylidene-3-C-methyl-a-o-alloJuranose 78.46_3-0-Allyl-
1,2:5,6-di-O-isopropylidene-3-C-methyl-a-O-allofuranose 46 (1.0 g, 3.7 mmole) was 
dissolved in 80% aqueous acetic acid (20 cm3) were stirred at room temperature for 10 
h. The acetic acid was removed in vacuo to give the white solid. The crude product 
was purified by flash chromatography (95:5, ethyl acetate: methanol v/v) .to give the 
title compound 78 (0.8 g, 88%). Recrystallisation from chloroform and ether afforded 
white small needles 78, m.p. 110-111 °C (lit.,46 132.5-133.5 °C); (Found: C, 51.6; 
H,8.1. C1006H18 requires C, 51.3; H,7.8); [a]o23 + 35 (c 0.88, CHCI3), [lit.,46 
[a]o + 23 (c 0.4, CHCI3)]; Rf 0.32 [ethyl acetate: methanol (95:5 v/v)];.vmax 
(film)/cm-1 3357 (OH); OH(250 MHz) 1.29 (3H, s), 1.32 (3H, s), 1.56 (3H, s), 3.65 
(lH, dd, J 4, 12.5), 3.90-3.95 (3H, m), 4.14 (lH, d, J 3.7),. 5.68 (lH, d, J 3.7); rn/z 
(El) 219 (3.2%, M+ - Me). 
5,6-Deoxy-5-ene-1 ,2-0-isopropylidene-3-C-methyl-a-o-alloJuranose 79.-
Triol 78 (100 mg, 0.4 mmole), imidazole (116 mg, 1.7 mmole) and 
triphenylphosphine (448 mg, 1.7 mmole) were dissolved in toluene (15 cm3) and 
refluxed while iodine (324 mg, 1.3 mmole) was added to the refluxing mixture in 
small portions over for 1 h. Saturated Sodium thiosulphate solution (5 cm3) and NaOH 
solution (3.0 M, 5 cm3) were mixed with the cooled reaction mixture in a separatory 
funnel. The organic layer was separated and washed with brine (10 cm3) water (10 
cm3), dried over MgS04 and filtered. The solvent was removed from the filtrate under 
reduced pressure giving yellow solid. The crude product was purified by flash 
chromatography (3:1, n-hexane : ethyl acetate v/v) to afford the title compound 79 as 
white solid (49.1 mg, 58%). Recrystallisation from diethyl ether and n-hexane 
furnished colourless needles 79, m.p. 65-67 °C; (Found: C, 59.6; H, 8.1. 
C100 4H16 requires C, 60.0; H, 8.0%); [a]o23 + 47 (c 0.60, CHCI3); Rf 0.24 [ethyl 
acetate: n-hexane (2:1 v/v)]; vrnax (film)/ cm-1 3480 (OH), 1640 (C=C); OH(250 MHz) 
1.04 (3H, s), 1.30 (3H, s), 1.60 (3H, s), 4.10 (IH, d, J 3.8), 4.15 (IH, d, J 5.8), 
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4.22 (lH, t, J 6.8), 5.22 (lH, d, J 10.6), 5.33 (lH, d, J 17.3), 5.66-5.80 (lH, m), 
5.72 (lH, d, -1 4.0); m/z (El) 185 (3.5%, M+ - Me). 
5-Deoxy-1 ,2-0-isopropylidene-3-C-methyl-a-D-allofuranose 80.-To a 
solution of the compound 79 (47.2 mg, 0.2 mmole) in dry THF was added a solution 
of borane-methyl sulphide complex 2.0 M solution in THF ( 0.1 ml, 0.2 mmol) at room 
temperature. The mixture was stirred for 3 h and the excess of the hydride was 
destroyed by solution of NaOH solution (3.0 M, 1 cm3) and aqueous H202 (30 % v/v, 
1 cm3) was added at 0 °C. The solution was raised to room temperature and stirred 
overnight. The solvent was removed and the residue was extracted with chloroform (5 
x 5 cm3). The organic extracts were combin~d and dri.ed over anhydrous MgS04, 
filtered and the filtrate was concentrated under reduced pressure tQ give a white solid. 
The crude product was purified by flash chromatography (5:1, ethyl acetate: n-hexane) 
to afford the title compound 80 as a white solid (50.8 mg, 84.5 %), which was 
recrystallised from ethyl acetate/n-hexane to give white needles, m.p. 83-85 °C; 
(Found: C, 54.7; H, 8.1. C1005H18 requires C, 55.0; H, 8.3%); [a]n23 + 49 (c 
0.55, CHCI3); Rf 0.18 [ethyl acetate: n-hexane (3:1 v/v)]; Vrnax (film)/ cm-1 3457 
(OH); oH(250 MHz) 1.18 (3H, s), 1.35 (3H, s), 1.58 (3H, s), 1.69-1.90 (2H, m), 
3.78 (lH, t, J 5.7), 3.86 (2H, d~, . f 5.8, 12.9), 4.15 (lH, d, f 3.9), 5.74 (lH, d, J 
3.9); m/z (El) 203 (14.3%, M+ - Me). 
5-Deoxy-6-0-t-butyldime.thylsilyl-1 ,2-0-isopropylidene-3-C-methyl-a-n-
allofuranose 81.-To a stirred solution of diol 80 (50.8 mg, 0.2 mmole) in 
dichloromethane (3 cm3) were added, imidazole (47 mg, 0.7 mmole), t-
butyldimethylsily chloride (71.8 mg, 0.5 mmole) and a catalytic amount ofDMAP at 0 
°C. The reaction mixture was then left to stir at room temperature for 4 h after which 
time the reaction was complete. Water (2 cm3) was added to the reaction mixture and 
then the mixture was extracted with dichloromethane (5 x 5 cm3). The combined 
extracts were washed with brine, dried over MgS04 and filtered. The filtrate was 
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concentrated and the residue was purified by flash chromatography (5 : 1, n-hexane : 
ethyl acetate) to afford the title compound 81 as colourless oil (75.6 mg,, 99%), 
(Found: C, 57.7; H, 10.1. C1605H32Si requires C, 57.8; H, 9.7%); [0.]023 - 36 (c 
4.68, CHCI3); Rf 0.2 [n-hexane : ethyl acetate (6: 1 v/v)]; Vrnax (film)/ cm-1 3457 (OH), 
1084 (Si-O); OH(250 MHz) 0.05 (6H, s), 0.88 (9H, s), 1.13 (3H, s), 1.33 (3R, s), 
1.55 (3R, s), 1.59-1.81 (2H, m), 3.65-3.84 (2H, m), 3.90 (lR, dd, J 5, 7.5), 4.13 
(lH, d, J 3.9), 5.70 ( 1R, d, J 3.8); m/z (El) 217 (13.4%, M+ - TBDMS). 
3-0-Allyl-6-0-t-butyldimethylsilyl-5-deoxy-1 ,2-0-isopropylidene-3-C-methyl-
a.-D-allofuranose 82.-Sodium hydride (10 mg, 0~4 mIDole) was washed with dry 
hexane (2 cm3) and suspended in dry THF (5 cm3) under nitrogen at O°C. A solution 
of alcohol 81 (28.3 mg, 0.1 mmol) in THF (3 cm3) was added dropwise and the 
reaction mixture was left to stir at room temperature for half an hour. Allyl bromide 
(30.5 mg, 0.3 mmol) was added dropwise and the mixture was refluxed for 12 h. 
Methanol (0.5 cm3) was added slowly followed by addition of water (1 cm3). The 
aqueous layer was extracted with chlorofonn (5 x 5 cm3). The combined extracts 
were washed with brine, dried over MgS04 and filtered. The filtrate was concentrated 
and the crude product was purified by flash chromatography (8:1, n-hexane: ethyl 
acetate v/v) to afford the title compound 82 as pale yellow syrup (24.4 mg, 77%), 
(Found: e, 62.2; H, 10.0. C1905H36Si requires e, 61.2; H, 9.7%); [a.]D23 + 53 (c 
0.76, CHCI3); Rf 0.58 [n-hexane : ethyl acetate (5: 1 v/v)]; Vrnax (film)/cm-1 1090 (Si-
0), 1650 (c=e); OH(250 MHz) 0.37 (6H, s), 0.87 (9H, s), 1.11 (3H,s), 1.24 (3R, 
s), 1.54 (3H, s), 1.58-1.68 (2H, m), 3.67-3.80 (2H, m), 4.04-4.09 (3H, m), 4.22 
(IH, d, J 3.9), 5.09-5.31 (2H, m), 5.66 (IH, d, J 3.85), 5.85-6.00 (IH, m); rn/z 
(El) 257 (8.3%, M+ - TBDMS). 
3-0-Allyl-5-dexoy-l ,2-0-isopropy/idene-3-C-methyl-a.-D-allofuranose 83.-
To a stirred solution of olefin 82 (24.4 mg, 0.1 mmol) in THF (3 cm3) was added 
·tetrabutylammonium fluoride (56.5 JlI, 0.2 mmol) at room. temperature. The mixture 
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was left to stir at room temperature for 2 h after which time reaction was complete. The 
solvent was removed under reduced pressure to give a yellow oil. The crude product 
was purified by flash chromatography (2:1, ethyl acetate: n-hexane v/v) to provide the 
title compound 83 as a pale yellow syrup (16.1 mg, 96 %), (Found: C, ; H, . 
C1305H22 requires C, 60.5; H, 8.6%); [a]D 23 + 65 (c 0.96, CHCI3), Rf .0.33 [ethyl 
acetate: n-hexane (2:1 v/v)]; Vrnax (film)/cm-1 3459 (OH), 1640 (C=C); OH(250 1vIHz) 
1.20 (3H, s), 1.34 (3H, s), 1.58 (3H, s), 1.78-1.86 (2H, m), 3.87 (2H, bs), 4.11-
4.17 (3H, m), 4.28 ( H, d, J 3.8), 5.17 (1H, dd, J 1.2, 5.2), 5.29 (lH, dd, J 1.4, 
15.8), 5.70 ( 1H, d, J 3.8), 5.87-6.02 (lH, m); m/z (El) 243 (3.9%, M+ - Me). 
3';'O-Allyl-5-deoxy-1 ,2-0-isopropylidene-3-C-methyl-a-D-xylo-hexanodialo-
1,4-furanose 84.-To a stirred solution of alcohol 83 (400 mg, 1.6 mmol) in 
dichloromethane (30 cm3), powdered 4A molecular sieves (1.29 g), PDC (1.01 g ,2.3 
mmol) and acetic acid (1.6 cm3) were added in sequence at room temperature. The 
reaction mixture was left to stir at room temperature for 2 h after which time reaction 
was complete. Celite (250 mg), diethyl ether (10 cm3) was added to the reaction 
mixture and the solid was filtered off through a small bed of silica gel. The filtrate was 
concentrated under reduced pressure to give a pale yellow syrup which was 
immediately used in the next stage, Rf 0.44 [n-hexane : ethyl acetate (1:1 v/v)]. 
3-0-Allyl-5-deoxy-1 ,2-0-isopropylidine-3-C-methyl-a-D-xylo-hexanodialo-
1,4-furanose Oxime 85.-Hydroxylamine hydrochloride (323.1 mg, 4.7 mmol) and 
then sodium carbonate (440 mg, 7.0 mmol) were added to a solution of unpurified 
aldehyde 84 in ethanol (40 cm3) and water (5 cm3). The reaction mixture was heated 
under reflux for 1 h, after which time reaction was complete. The reaction mixture was 
cooled down, ethanol was removed under reduced pressure and the residue was 
extracted with dichloromethane (3 x 15 cm3). The combined extracts were washed 
with brine, dried over anhydrous MgS04, and filtered. After dichloromethane was 
removed from the filtrate under reduced pressure, the residue was purified by flash 
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chromatography (diethyl ether: n-hexane, 4:3 v/v) to afford a 1.3:1 syn-/anti- mixture 
of oxime 85 as a pale yellow oil (by NMR) (273 mg, 65% base on 83), (Found: C, 
57.9; H, 8.0; N, 5.0. C1305H21N requires C, 57.6; H, 7.8; N, 5.2 %); [0.]023 + 60 
(c 0.85, CHC13); RfO.28 [n-hexane : diethyl ether (1:1 v/v)]; Vrnax (film)/cm-1 3410 
(OH), 1650 (C=C), 1450 (C=N); OH(250 MHz) 1.16 (3H, s), 1.44 (3H, s), 1.82 (3H, 
s), 2.38-2.72 (2H, m), 4.08 (IH, d, J 5.8), 4.18 (IH, dd, J 8.3, 12.2), 4.59 (IH, d, 
J 5.9), 4.27 (IH, d, J 3.6), 5.08 (IH, dd, J 1.3, 10.3), 5.22 (IH, dd, J -1.3, 17.2), 
5.70 (IH, d, J 3.6), 5.80-5.95 (IH, m), 6.90 (0.53H, t, J 4.9), 7.48 (0.42H, t, J 
6.2); m/z (El) 257 (2.4%, M+). 
Isoxazoline 86.-To a solution of oxime 85 (250 mg, 0.9 mmol) in 
dichloromethane (20 cm3), at room temperature, was added a catalytic amount of 
triethylamine (5 JlI) and was followed by dropwise addition of 10% aqueous sodium 
hypochlorite (685 mg, 9.2 mmol). The reaction mixture was refluxed overnight and 
then it was cooled. The product was extracted with dichloromethane (3 x 20 cm3). 
The combined organic extracts were dried over anhydrous MgS04 and filtered. The 
solvent was removed from the filtrate under reduced pressure. The crude residue was 
purified by flash chromatography (2: 1 ethyl acetate: n-hexane v/v) to afford the title 
compound 86 as a white solid (117.7 mg, 61%). Recrystallisation from n-
hexane/etbyl acetate afforded colourless needles 86, m.p.I39-140 QC, (Found: C, 
57.7; H, 7.0; N, 5.1. CI205HI7N requires C, 58.0; H, 7.1; N, 5.2%); [0.]023 -16 
(c 1.0, CHCI3); Rf 0.23 [n-hexa~e : ethyl acetated (4:3 v/v)]; Vrnax (film)/cm-1 1400 ( 
C=N); OH(250 MHz) 1.21 (3H, s), 1.37 (3H, s), 1.62 (3H, s), 2.67 (IH, dd, J 11.9, 
17.6),3.01 (lH, dd, J 6, 17.6),3.41-3.47 (IH, m), 3.67 (IH, dd, J 11.0, 12.4), 
3.79 (lH, dd, J 4.4, 12.4), 3.88 (IH, dd, J 6.0, 7.7), 4.25 (IH, d, J 3.1), 4.26 (lH, 
dd, J 10.6, 12.4), 4.34 (IH, dd, J 6.0, 11.9), 5.86 (IH, d, J 3.4), OC(250 MHz) 
13.63, 25.78, 26.06, 26.69, 52.14, 65.14, 65.41, 70.38, 75.92, 82.22, 85.45, 
103.3, 113.2, 155.23 ; m/z (El) 254 (4.4%, M+ - Me). 
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3-0-Allyl-5-deoxy-1 ,2-0-isopropylidene-3-C-methyl-0-(methyl buten-2-ate)-
a.-D-allofuranose 87.-Compound 82 (1.0g, 2.7 mmol) was suspended in 
CH 2CI2fMeOH (20 cm3, 5:1, v/v) in a dry ice-acetone bath at -78°C. It was 
ozonolyzed for an hour by then all the starting material disappeared, oxygen was 
continued to bubble through the solution in order to exclude the excess of 03. The 
reaction mixture was raised to room temperature and dimethyl sulphide was added and 
continued to stirred for 8 h. Then solvent removal gave an oil which was dissolved in 
CH2Cl2 (10 cm3) and the methyl (triphenylphosphoranylidene)-acetate added. The 
reaction mixture was stirred at room temperature for 3 h. The solvent was then 
evaporated and the product was purified by flash column chromatography (1.5 : 1 ethyl 
acetate: n-hexane v/v) to a (1:3) eis-Itrans-mixture of title compound 87-Z, -E as a 
colourless oil; (Found: C, 56.9; H, 7.5. C1507H24 requires C, 57.0; H, 7.7); Vrnax 
(film)/ cm-! 3450 (OH), 1720 (C=O),1640 (C=C); 
87-Z: eis-product: [a]D23 + 128 (e 0.83, CHCI3), Rf 0.33 [ethyl acetate: n-hexane 
(2:1 v/v)]; OH(250 MHz) 1.19 (3H, s), 1.27 (3H, s), 1.56 (3H, s), 1.80 (2H, q, 1 
6.6), 3.72 (3H, s), 3.76 (2H, t, 1 5.6), 4.10 (lH, t, 1 6.7), 4.29 (lH, d, 1 3.8), 4.56-
4.65 (lH, m), 4.76-4.86 (lH, m), 5.69 (lH, d, 13.8), 5.81 ( 1H, tt, 1 2.2, 9.3), 6.39 
(lH, tt, 1 4.8, 11.7); m/z (El) 301 ( 1.6%, M+ - Me). 
87-E: trans-product: [a]D23 + 45 (e 2.40, CHCI3), Rf 0.3.0 [ethyl acetate: n-hexane 
(2:1 v/v)]; OH(250 MHz) 1.11 (3H, s), 1.25 (3H, s), 1.50 (3H;s), 1.76 (2H, q,1 
5.8), 3.70 (3H, s), 3.75 (2H, t, 1 5.7), 4.06 (lH, t, 1 6.6), 4.18-4.27 (3R, m), 5.65 
(lH, d, 1 3.9), 6.02 (lH, tt, 1 ~.O, 15.6) , 6.91 (lH, tt, 14.3, 15.7); m/z (El) 301 
(1.6%, M+ - Me). 
IsoxazoIine 90a, b.-Compound 87-E, -Z (430 mg, 1.4 mmol) was 
suspended in dry dichloromethane (20 cm3) and pyridinium dichromate (473 mg, 
883.9 mmol), powdered 4A molecular sieves (113.4 mg) and glacial acetic acid (0.2 
cm3) were added slowly. A silica gel drying tube was placed at the flask and the 
mixture was stirred at room temperature. The reaction was exothennic, refluxing 
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gently initially and the orange colour of the solution turned to dark brown within 5 min. 
The solution was allowed to stir for 2 h and then Celite (0.5 g) was added and stirred 
for 10 more min. The solution was suction filtered through a bed of silica gel and the 
solvent was removed under reduced pressure, yielding the aldehyde 88. 
Hydroxylamine hydrochloride (142 mg, 2.4 mmol) and then pyridine (142mg, 1.8 
mmol) were added to a solution of unpurified aldehyde in ethanol (20 cm3). The 
reaction mixture was heated under reflux for 1 h, after which time reaction was 
complete. The reaction mixture was cooled, ethanol was removed under reduced 
pressure and the product was extracted with dichloromethane (3 x 15 cm3). The 
combined extracts were washed with brine and dried over anhydrous MgS04 and 
filtered. After dichloromethane was removed from the filtrate under t:e~uced pressure, 
the residue was purified by flash chromatography (ethyl acetate: n-hexane, 1:1 v/v) to 
give the oxime 89, [Rf 0.32 (n-hexane : ethyl acetate (1: 1 v/v)l To a solution of oxime 
in dichloromethane (20 cm3), at room temperature, was added a catalytic amount of 
triethylamine (5 ul) followed by dropwise addition of 10% aqueous sodium 
hypochlorite (340 mg, 4.1 mmol). The reaction mixture was stirred at room 
temperature overnight. The organic materials were extracted with dichloromethane (3 
x 20 cm3). The combined organic extracts were dried over anhydrous MgS04 and 
filtered. The solvent was concentrated under reduced pressure. The crude residue was 
purified by flash chromatography (1 :2, n-hexane : ethyl acetate v/v) to afford the title 
compound 90a,b 1: 1 mixture (by NMR) as a colourless oil (271.3 mg, 61 % ) as a 1: 1 
stereoisomeric mixture, (Found: C, 56.2; H, 6.7; N, 5.3. C1205H 17 N requires C, 
55.0; H, 6.5; N, 4.3%); [a]D23 - 47 (c 1.22, CHC13 ); Rf 0.32 [n-hexane : ethyl 
acetate (1:2 v/v)]; '\) max (film)/cm-1 1735 (C=O, ester), 1650 (C=N), 1450 (C=C); 
BH(250 MHz) 1.18 (3H, s), 1.23 (3H, s), 1.38 (3H, s), 1.62 (3H, s), 1.64 (3H, s), 
2.73 (2H, ddd, J 2.8,11.9,17.8),3.08 (2H, dt, J 6.1,17.8),3.69-3.89 (3H, m), 
4.07 (1H, dd, J 2.9, 14.3), 4.33 (lH, d, J 3.3), 4.38 (lH, dd, J 6.2, 12.0), 4.51 
(1H, d, J 5.0), 4.99 (1H, d, J 7.4),5.72 (lH, d, J 3.3); rn/z (El) 312 (23.2%, M+-
-Me). 
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a,~ unsaturated keto-ester 92.-To a solution of isoxazoline 90 (150 mg, 0.5 
mmol), 3 mole % equivalent of acetic acid, dichloromethane/methanoVwater (10 cm3, 
10 : 5 : 1 v/v) was added a catalytic amount of Ra-Ni. The system was evacuated and 
purged three time with H2 using a 3-way stop stock with a H2 ballon. The mixture was 
then stirred vigorously under H2 at 25°C for 3 h. CH2Cl2 (20 cm3) was added, and 
the solution was then dried over anhydrous MgS04 and filtered. The filtrate was 
concentrated under reduced pressure. The unpurified hydroxyl-ester was dissolved in 
CH2Cl2 (10 cm3) with triethylamine (232 mg, 2.3 mmol) at 0 °C,MsCI (157.6 mg, 1.3 
mmol) was added dropwise to the solution. After 8 h at 0 °c the mixture was raised to 
room temperature and the mixture was washe~ with water (2 x 10 cm3) and brine (10 
• e. 
cm3). The organic layer was dried over anhydrous MgS04, filtered and the filtrate 
was concentrated under reduced pressure. The residue was purified by flash column 
chromatography (1:1, ethyl acetate: n-hexane v/v) to give a white solid 92 (74 mg, 
52%). It was recrystallised from ethyl acetate/n-hexane to give colourless needles 92, 
m.p. 109.5-111 QC, (Found: C, 57.2; H, 6.2. C1507H20 requires C, 57.7; H, 6.5); 
[a]o23 + 63 (c 0.81, CHCI3); Rf 0.38 [n-hexane : ethyl acetate (1:1 v/v)]; Vrnax 
(film)/cm-1 1724 (C=O,ester), 1690 (C=O, aldehyde), 1640 (C=C); OH(250 MHz) 
1.12 (3H, s), 1.28 (3H, s), 1.53 (3H, s), 2.78 (lH, dd, J 12.5, 16.9), 2.92 (lH, dd, 
J 4.1, 16.9), 3.70 (3H, s), 4.29 (lH, d, J 3.5), 4.33 (lH, dd, J 3.5,20.0), 4.49 (lH, 
d, J 15.8), 5.37 (lH, d, J 15.8), 5.64 (lH, d, J 3.5), 6.32 (lH, s); rn/z (El) 312 
(1.1 %, M+). 
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